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ABSTRACT 


In this thesis, an interactive computer program for eeae 
analysis and design of time invariant unity feedback control 
systems 1s presented, using cascade or feedback or both 
types of compensation. 

By using this program, the user is freed from the 
tedious, time consuming and error prone method of hand 
calculations, letting the computer handle these tasks 
efficiently and speedily. The user can then concentrate 
fully on the placement of poles and zeroes of the 
compensator(s) used. 

Design of control systems by classical methods being 
essentially a repetitive, trial and error procedure, this 
program greatly cuts down the turn around time and leads to 


faster, more satisfactory results. 
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aye Lit ReOOVeTION 


During the past two decades, the scientific and 
engineering communities have witnessed an ever increasing 
role of the digital computer in the fields of research, 
development and analysis of systems. The computer, today, 
is being used to solve engineering problems, whose solution, 
until very recently required long and tedious procedures. 
Still, it is probably true that this machine has potential 
not fully recognized yet, which is why the attention of so 
many computer scientists/engineers is focused on devising 
more efficient and innovative operating procedures. 

Control system design is one area where classical 
theory has neee extensively developed and used. It is fair 
to say that even today, most analysis and design problems of 
linear, time invariant control systems can still be 
approached uSing the methods developed by Bode, Nyquist and 
others. 

A totally new approach to the design of control systems 
became available with the development of optimal control 
theory and the state variable analysis. These methods have 
been intensively developed in the last 10-15 years, but now 
their weaknesses have been exposed too. The "states" of the 
plant may not necessarily represent physically measurable 


quantities, and consequently it may not be possible to 


implement the results at all. lLuenberger's observers, 
designed to Overcome this problem, can at best provide 
estimates of the state trajectory. Furthermore, the optimal 
control approach to design relies very heavily on mathe- 
matical manipulation, providing little insight to) Ehewaeeaes 
working of the plant; the only input of the designer being 
the form of the cost function. 

An intelligent use of the speed and information 
processing ability of the digital computer, coupled with the 
reliable features of classical theory appear to be the best 
solution to the problem at hand. The classical approach to 
design, being essentially a trial and error method, if the 
order of the system is fairly high, the number of repetitive 
calculations and the time required to perform these calcu- 
lations becomes prohibitively large, the assistance of the 
computer in such problems becomes indispensable. 

The work in this thesis was to develop an interactive, 
user Oriented computer program that would prompt the user 
to input the transfer function and cascade/feedback compen- 
Sators. The program would then display on the IBM 3277 - 
Tektronix 618 dial screen terminals the Bode Plot of both 
magnitude and phase. The program could be repeatedly used, 
with the user having the option to change/modify the compen- 
sators, each time viewing the effect of his modifications on 


the screen until he arrives at a satisfactory solution. 
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Ii. CONTROL ENGINEERING ANALYSIS 


A. GENERAL 


A continuous time control system may be represented in 


one of the following forms: 


a. Transfer functions 
b. State equations 
es System block diagrams or signal flow graphs 


Algorithms exist in almost every undergraduate control 
engineering text to convert the system representation from 
one given form to another. Gianniotis (Ref. 1) describes a 
simple method of converting from transfer function to state 
meriable form in Chapter I1. 


The transfer function representation in its most general 


mOrm 1S: 
m m- 1 m—- 2 O 
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Usually the mathematical description of the system is 
found in the transfer function form in the literature. 
Analysis and design of control systems by classical methods 


also requires the representation of the system in this form. 


al 


This thesis does not address the problem Of Converemas 
From one form of representation to another. It is assumed 
that any conversions necessary have already been performed 
and that the system is represented by its open loop transfer 


Fune e1one 


B. PROBLEM FORMULATION 

Each system design has its own unique characteristics, 
but in general the system has to meet some kind of perfor- 
mance standards. These performance standards are generally 
provided as numerical specifications. The first step in the 
design of a control system is to analyze the system by itself 
in the usual feedback loop configuration. This is usually 
referred to as the uncompensated system. 

Analysis of the uncompensated system almost always shows 
that the system cannot meet some or all of the given perfor- 
mance standards. Usually, additional components have to be 
inserted in the system for the purpose of altering the 
performance of the system. These components vane cared 
compensators. Compensation iS a two step procedure, in which 
additional components (compensators) are inserted to change 
the structure of the system, and these components are then 
adjusted until the performance characteristics are satisfied. 

The theory of cascade and feedback compensation is 
discussed in detail by Thaler (Ref. 2) in Chapters 5 and 6. 
Only a brief discussion of the types of compensators 1s 


presented here. 


i 


Compensators used in the design of feedback control 


systems are generally classified as shown in the block 


egagrams Of figure I. 


COMPENSATOR PLANT 


6) CASCADE COMPENSATION 





b) FEEOBACK COMPENSATION 


PLANT 





C) COMBINED CASCADE ANDO FEEDBACK COMPENSATION 


% 


Figure 1. Classification of Compensation Structures 


is 


Cascade compensation may further be classified into two 
Further types; a high pass filter usually called a phase 
lead compensator, and a low pass or phase lag compensator. 

The selection of the type of compensator(s) to be used 
depends on a number of factors, the important ones being 
experience, personal preferences, availability, system cons- 
traints, etc. Unfortunately, there are no mathematical 
techniques to help in this selection process. Generally, 
one has to complete several designs and then choose the most 


appropriate one. 


CG; COMPUTER AIDED DESIGN 

Of all the classical design methods available, the Bode 
diagram technique is generally considered to be the simplest, 
at the same time providing the most insight into system 
performance and behavior. The Bode design method may be used 
equally effectively both with cascade and feedback compen- 
Sation schemes. 

The computer program developed in this thesis displays 
on the terminal, initially, the Bode aeonon (magnitude and 
phase) of the uncompensated open loop system. The user may 
then select the type of compensator to be used, and feed this 
information to the computer. The display changes, now showing 
the compensated system Bode Plot. This procedure may be 
repeated iteratively, with the computer updating the Bode 


Plot with each change made. 
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It was: found on the average that turn around time for a 
typical third order system with two cascade compensators is 


less than five minutes. 


diigo: 


TIL. PROGRAMMING CONS IDE RA tree 


A. GENERAL 

Any interactive software package, such as the one 
developed in this thesis must provide a simple yet unambigous 
means of data input and output. The data must be easy to 
interpret and apply to the problem at hand. Programs 
producing highly satisfactory results but requiring long 
studying time and/or special programming skills are of 
limited use only. 

The intent of this thesis is to present such a program, 
Computer Aided Design of Linear Systems. Special care has 
been taken to develop the program so that the user has to 


invest very little time learning to use it. 


Be MAIN FEATURES OF THE PROGRAM 

The development of a user oriented interactive computer 
program in solving engineering problems requires a consider- 
able amount of programming work, contributing signiticanely 
to its complexity and size. 

The computer program, hereafter referred to as BODPLT 
consists of a main program, a number of programmer-composed 
subroutines, a few library functions/subroutines, and various 
subroutines of the DISSPLA graphics package. The entire 


program is written in the FORTRAN IV language. 
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In brief, the whole BODPLT package works as follows: 
A user, logged into the VM/CMS environment of the system from 
the dual screen terminals, issues the command DISSPLA BODPLT. 
The package then assumes control. The program begins its 
execution by interrogating the user and calling the appro- 
priate subroutine accordingly. All programmer-composed 
subprograms are included in the main program titled BODPLT 
FORTRAN. 

The BODPLT program has the following important features: 

= aris of the VM/CMS time sharing system. 

- interrogates the user in entering all problem 
specifications from the terminal. 

= can handle up to a ninth order plant transfer 
function, six first order and one second order cascade 
filters. 
| - prompts the user to input the parameters of 
velocity feedback, acceleration feedback or approximate 
acceleration feedback as required. 

= provides the solution in tabular form on the IBM 
3277 screen and the Bode Plot on the TEK 618 terminal. 

= can provide hard copy version of the problem 
specifications and tabular output by using the RECORD ON/ 
RECORD OFF execs, and of the BODE PLOT on the Tektronix 
printer where installed. 

i allows problem specifications to be changed between 


runs. 


iy 


Cr PROGRAM DESCRIPTION 

The main program is the coordination center which 
controls the calling of the supporting subroutines, in order 
to input the transfer function, cascade/feedback compensators 
and other necessary information. The tabular results and the 
Bode Plot are then displayed on the two screens respectively. 

The main program as well as the accompanying subroutines 
can be found in Appendix A. They contain a sufficient number 
of comment cards to be self explanatory. 
| The following is a brief description of the performance 
and purpose of the various subroutines. 

NUMER inputs the numerator of the plant transite 
Pane Elon, 

DENOM inputs the denominator of the plant transfer 
Pune eet. 

CASCAD inputs up to 6 first order lead/lag filters. 

SECAS inputs the numerator of the second order band 
pass/band stop filter. 

SECASD inputs the denominator of the second order 
fi Leer 

Po rer determines the value of the radial frequency, 
Ww, at the origin of the x—ascmee 

DECADE determines the number of decades of frequency 
to be spanned. 

FEEDBK inputs the various parameters of feedback 


COMpPSeKSaeocs:. 
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TITLES inputs the two lines of text as headings for 
the Bode Plot. 

In addition, the main program handles the tasks of 
displaying the tabular output and the Bode Plot of the open 


and closed loop response of the system as required. 


eo 


IV. PROGRAM PERFORMANCE INVESTIGATION 


A. GENERAL 

The program was tested by solving several linear control 
system design problems. Very satisfactory results ware 
obtained in all cases with remarkable efficiency and speed. 
The only necessary condition is proper problem formulation. 
This 1s true for any interactive computer program. Once the 
program is used a couple of times, the user gets the 
necessary familiarity with its working. 

The example problems presented below are used to 
demonstrate the performance and capabilities of the program. 
The examples can also help the user in formulating his own 
particular problem. The examples were selected from Thaler's 


'Design of Feedback Systems' (Ref. 2) 


Be EXAMPLE PROBLEMS 
ioe Example 4.1 : A Phase Lead Network 
a. Problem Statement 


A positioning system is single loop with unity 


feedback and forward transfer function 


G(s) = 
s(0.7s + 1)(0.3s # 1) 
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iVemgeloectty Constant 1s not to be decreased. Design a. 
phase lead compensator which will provide ee less than 1.5. 
Le Sie heaven 
The first step is to get the transfer function 
in the required form: 
DO 


G(s) = ——— (442) 


0.21S° + 1.08° + 1.05 


The Bode Plot of the uncompensated system drawn 


uSing the program is shown on figure 2 and the tabular output 


on table 1. The uncompensated system has a phase margin of 
-20 degrees. To achieve a Mow of less than 1.5, a phase 
margin of 44 degrees or more is required. Approximately 64 


degrees of positive phase shift are therefore needed. Two 


sections of lead filter are introduced as given below: 


(Se Urwin S/ hee) 1) 


(S/10.0 + pie 


The compensated Bode Plot is given on figure 
3 showing a phase margin of 35 degrees. 

emis be polmuedwOummenat the final values 
for the lead filter poles and zeroes were arrived at after 
3 iterations and this design problem was solved in less than 
15 minutes. 
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an Example 4.3 : Velocity Feedback 
a. Problem Statement 
A simple second-order servo is to be 
compensated with tachometer feedback. The forward transfer 


imblekemectoig i= 


HOGEO 
G(S) = 
S(S + 1) 
and the tachometer transfer function is KS. The tachometer 


is fed back around all of the forward gain Gsiungegeca. 
diagram methods, set Ky to provide Mo = lee 
en Sor veLen 
Bode Plot for this system is shown on figure 
6. The system has a phase margin of about 6 degrees. For 
Mow = 1.3, a phase margin of 45 degrees is required. A rough 
graphical design on the uncompensated Bode Plot gives 


1/H = 12.0/S or 4H = 0.088 


The Bode Plot for the compensated system 1s on figure 7, 
showing a phase margin of 50 degrees. 
The close loop frequency response of this 


example, drawn using BODPLT is shown on figure 8. 
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ve CONCLUSION AND RECOMMENDATIONS 


A. CONGCLUS Ton 

The objective of this thesis was to develop an inter- 
active user oriented computer program which weulaear meas 
solving control engineering problems using the Bode method > 
of design. The presented program proves that frequency 
domain design of control systems using the digital computer 
aS an aid is not only feasible but highly desirable. The 
results obtained are readily interpretable and provide good 
and meaningful insight into the problem. 

The results obtained during the investigation of the 
program performance show that a complicated but well formu- 
lated problem can be solved with ease, and the solution is 
obtained with speed, accuracy and precision. 

The entire program is less than 1000 lines, with a total 
of 9 subroutines. Every effort has been made to keep the 
program simple yet unambigous, so that the user has to 
invest very little time learning how to use it. Effort has 
also been made to minimize the use of the computer CPU time. 
However, expenditure of CPU time 1s to a large measure 
dependent upon: 

(1) the order of the system. 

(2) the number of iterations used in reaching a 


SO lie Lone 


og 


(3) the type and order of the compensator(s) used. 


Be RECOMMENDATIONS 

The program as presented in this thesis seems to be able 
to adequately satisfy the usual needs in a control system 
design problem. A number of useful extensions to the work 
developed in this thesis can be carried out. These are 
briefly discussed. 

i Curve Fitting 

Although not specifically worked on in this thesis, 

the program can be used quite effectively for curve fitting 
purposes. This was demonstrated in the initial stages of the 
development of this program. The procedure is, by its very 
nature, iterative and therefore time consuming and cumbersome. 
However, the entire algorithm can be automated uSing a 
minimization subroutine, with the program outputting a 
polynomial to fit a given curve over a specified range of 
the independent variable. 

oe Computer Selection of Compensators 

A suitable minimization routine such as Box PLX 

can be incorporated into the program which could select the 
best possible location of poles and zeroes to meet given 
performance specifications. This would automate the entire 
Bode design procedure, the user then having the option of 
only specifying the type of compensation, 1.e., cascade or 


feedback. It may however be pointed out that minimization 
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routines by the very nature of their operation are very time 
consuming and wasteful of CPU resources. 
3. Root Locus 
Most of the subroutines developed in this thesis 
are very general in nature and can be adapted quite easily to 
develop a similar interactive program for Root Locus plots. 
4. Integrated Control System Design 
No meaningful design of control systems is complete 
without finally analyzing its time domain performance. It is 
therefore considered highly desirable to incorporate into 
this program, an interactive Root Locus deSign procedure and 
then a time domain analysis of the compensated system. The 
entire package would then be an excellent teaching aid for 


control system design. 


[2 


APPENDIX 
PROGRAM LISTING 


aoe Se oS OG) 2D ae 22000080 2eooO00S9 2000 0757 929009359090 09 
ANID FNOM QDNOAIN DPD OMD A DAN VSD OM OND AN ODF DONS DADANDT AQMD 
PD IDI DD DQ et tN NEN ON NEN TE ETO Q Hy OPETP HY Fy PN NPN SNP 
WOIDIWV9OO0YVOVNV9D9VYV90N0N9900 0790 490 9909090070994 3N0 DV D0 9490 IO DYOD 
wae) es SS) Oe Oo SOO OOO OOOO S2 Ss 202200059 320 000009000909°0 9002 
ieeennee eee ee GPL as ee ee oy Pe ee a en en Oe ee as, Oe ee ee ee, ee ee ee ee ee 
es) es) 2) =) =) De Ss a Sa a DD DD DD DDD DD DDD 3 
ee egg eo ary a, ag a, ay iy ee es eg ly i, ley en Oe, ly n,n, he ng a og  , Mem, eg leg 
te 3 te tt 
+ + 
* + 
+ + 
3€ 3 
x 
wo 6 
F432 
He t+ : 
+ <2 
ay OL 
te Uj ma te 
+ Sb + 
%#DOF + N 
% 2Zze + = ~ x 
ae —_ + +e my =) CS 
FF LU, = ~~ 
rte NY Co < 
Her 2 ed Pa es 
+ LL te 2) aa = 
reid 4 ~ Q ~ = = —~ 
— #2 ON — = O = uy oan om CE 
a #AazHe OS a = = S Ce a ~ CO 
——raste mm VY) ee ry O a x 
~~ ete EY YQ Uw Q Y a ~ =~ 
+ = 3¢ —j LWW Y) a.) WY) i ce Y) <I ey) 
ce tO * OF = x Lu CZ — ee 2 Ly Lt 
Us FWreretH We © — ea a =i) S epee os => 
= * Ze Ack ws O Y) @ eS) a ss Oe » S) « 
=a Raj Ws <Te —~, woe DO ome TL ~~ OX) —~ —_ ~~ i *=<ly 
ent IY 2 re Naiman ie NODGe WY WQ Y? If Pr Ui— e 
Us ee % DD -— +e SN QU ZVa4 NS zw = MN WAX 
<= Fe JU 4 IT z~ <Q ad VY fe COO] P= CL ad Cy tt acy CoM. q) 1) mL 
aoe ow VL) LL, rng Lge ee UU ey) eNO re elu eu ey, Ss 
mr +e air? Oe tty NOY eV Xe nD ww LWW KIO UAL Ite OY 
I FO fF AWN SA Sw AwNY 2 2 WLe~O ~ Olmw Bem | ew rw NZ 
Se OiLsFe > a Om Wye ZO WOaetuU OF WOM O27DUNU~S—t 
co H#MNOF Wy yuU<t OR RPO SER Pr LR I ROR SRR PRR O~ 
OQ + + tear wad ede SKS Of NH ZRH 
> * ee FSU OFOSTCWACULODWNO saevOoOrnrcecwowa«avoort9o re @aecwite 
Yr wit te + He COQ AOZOOUZSSCSLHOQOZO YEO DIZSCOS_) ZOOVIM HY ZV ZK 
=) 
© NY JT uy O hw 
; vy ey — Se S 2 © 
WO OUI <3 coy ee) ty vy 4 4 


40 


WAN 


HAN 
WYN 
WAN 


= 
a 
< 


== 
a 
a= 


WAN 
WAN 
WAN 
JAWAN 
OFF IOWNY 
OF FOOWNN 
OZ7IJOWNN 
OTIOOWAN 
NAFVOWAN 
N65 JOWNN 
ARSOCWON 
OZLSI0WNN 
O9OGOOWNN 
OGGNIOWNN 
07S JOWNN 
OFGOOWNN 
0 WIN 
0 

N 

0 


WI)! 
Wh 
WHY 


20D O09 2QaeaZ224 
AOS DADIANDSEN 
QQ U9 OP Mmm eI 
WOQIDW Joga 

2e2 2222222 


00 
70 
00 
20 


PUY AS! 
za2 


eC 
T 
0 
6 


WR oo Fe ak ok ok 2 Xe ie of ok oe ok ake sete ie kK ok ie ok ok ok 


"a ANY INTYSLNG LNOULIM 


(> 


‘27 V SV TVIWONAIOd 


ek Ye ok ok 3 ok fe ie ie ie ok x ok ok ee ok ok ok ok & 


(I9°HTI* 


‘yse Ti 8 


SINSWALVIS LVWHOY ava 
(sfVWYHNIS WHID 
QJY4¥31IN2 39 LSNW SINJIDTIIIO) YOLVYAWAN WV 
(e°NIVOV AML 6 X25 7%. °F 
eNtJiINae AASSAIyY¥d SJAVH NODA » 
(NZAY) ZLDFHNOID SENT SS) JANAVY JYHL JMV » 
of 7T®axexS JO INZJIDIIAII 
(. Ce" 7L% a) eS JO INSIDIII509) YSALNS » 
(s(N/A) &€ LD 
ST WIWONATOd YOLVYAWAN JNO Y3ACHOs 
( HIOIINI { 
YNIVYSAWAN 4O YS3q0ND YAING. 
SINSWILVIS IWwyne IJLIY 


ING ; 
(TV) LVwynd BIE 
(>° TID LIVWHOA QIE 
(TV) LVWYO PLE 
(TI) LVANOJ aA 
u Pe POR ean 
JO NIe * 
XL °/S)VLVWHNSA O9F 
AWN » * 
"x7 °//)LYWYOS OGE 
"xX TS //)LVAYOS GGE 
07 «*/)LVWYOI GE 
*X7J°//)LVWYO4 CGE 
AYYOD, we 
"x2 °//) LVWYOS CGE 
ae 0 5 
XIE SSS LIWHOA ee 
M ideale i cas 
NYOL AY 
ly¥4 WIV) 
JONTINAYD ROF 
re OL NO 


41 


22309290 2: 
—< 
QWOWOQTIOI900N9 


SUBROUTINE DENUM (DA) 


29270 
NYE YO ON DADAN 
— ~~ 


te te te 4 
* + 
A + 
+ + 
3 
tO F 
Ri fF 
HX 
%#Z + 
te = 
F=DH 
% Om tH 
+ Zee 
Hire ++ AJ 
%*QDZH a 
+ Date * + 
FF LU 
*r + NY = 
Hire LHe - 
te 8 =—ULS 3 OC 
Fring ~ =) 
eH INH - a | 
HOZHe z —~ 
FAH os ” 
Hermoate In QO uy 
% pet LL Y) >= 
HO + OF — x LJ 
erp te We © — = 
%# Fr OY -~w >) Ye 
3+ UI <o Ub ~N 2 @ Ze 
%e 2 13 Lhd _& <Le —4 ~—w "ee =e 
eat 4M OF PD NaAamN™ 29 
+x+re + NOs = “48 ZNOWEM 
%*Dwe 424" 24 HO 2m rnaeo 
RPULR Ly) eg iL ep epi ou 
te Mpw te EKA HOw “oe tT D 
%#+Q * JNWOnM~- NS AZLKHOwNYM 2S 2 
~.oLe 6o5 = Sa We ZO 
+ VIL) 4% Up UENO ER +e 
# %% fr Ar ~ZYIHANHa S222 
x %* #2 OtOtevVeLDaOoNd 
Hee #HEOQ QAO EL ECHDIZO 
~— 
3 43 
© 
QOIYIV QO) eS) f+, + 


42 


= 222590006 2609299242907 92972000990 20900292029 
APN OM DAO AN APA OY DAOAN DEN OY DADANNAY 
td mad ENE NEN NEN NONE NEN CUR HPT SPOOL TP ETE CTY TY NP NP SPN N 
O9N20909290'I99F9O79290909000039 9990 0VN9494900900595 4909090990 9909099079 
239090729 9009090090000009 2900909090 59355299 329099 535035073909 
a ge ee ee ee ee ey 2, a ge ag ey es a, 
CLFULS LCL Lt Lk iLL A Cy ll 
MOBO 9900000909000000'510900009000009007900 909 29009020 


0 46U 


22.2 
Nom 
rrr 
Sher eh 
Ze 
are 
uJ 


DENO 


— 2D 

nt a) 

= +t 

<I 

D GJ 

- a 

— — =~ 
2 wy Fos - cS 
= >) es = = ‘9 
ce Y QO ce ™ 
>) VY ‘J “coma —™ 
VY) I Oo. Y) < xv) 
—d 3o) YQ Zz = > 
) ee e Oe 7 Y) e 
es am! ti) asl e ~~ =o 
wn se Ne ~ ~ —~ miu 
NQ* ao NO AM +t Ms 
= Oa TI SiYY =. VN Nae 
Sh oer Ore oO room 
re me QO FOF &Quibre wus ey ss 


xo “—~SVNP YIAFIO sa QIO HY 
UL, = ~~ OUwW SM | eww 
WOaewW OF WOT O279W4W~<t 
Sheet pr QR ORR RoI be psi 
Jet ete Sree OZ WY me eye 

Coal oaipaw oO 5 Yao wu 
QSOdse~tOtCtd $$ DQOVU]NDVDYZVEACS 


404% 
405 
406 
407 


2QIODV9D02D0 20092 262242404 

ADANALPAN OeDADAN AFA OM DROANDASSA 
SPY VEY DYE VV EVE VU QO OWN QU QU Pee err 
JOO 390909000003 000009000000"0 G7259o 
2393230079202 9 3939200 200 22 264-2 2] 
Pca ag A cles a rs Pac a Prag el, Wael atl Weal Es, Ps, et Ta 
CSL OS OO Oo Os 
OQOQD0Q00Q0000OS>505000G CaSa Goat aeS 


20290424 2@ 
~ 


3% 
+ 
3p 
+ « ~ + 
+ e e o 3% 
4% bad ~ 3% 
+ — zy a + 
+ —~=<— UW +f 
*% -<f & ~ es + 
+ ~< ~m 5) LW + 
xe YM 22: te 
% 6 ~~ 2 + 
+ ad me yY LW + 
3f ol = Om od 
%+% Tt oe e em UW 3¢ 
+ Ft Tov a + 
*-* = —~ aru) 3¢ 
+ a> WY e Wy re 3¢ 
+ Zs m—~ el td 
+ > ee &% > 2 3+ 
++ | een aes + 
7+ OO << ™ OF + 
$0 OQ Om CY) +e 
# = e- 4~ e # 
*%7 ZX Die Smee ++ 
%* YO 2 ~~ - Lt + 
— mm + 22 = 3¢ 
<= _js 3 esti VL) 
My 2OQO Vn eum es 
= — ad °* Ore WL Y) 
<. 2 Ll, oe OL — 
uu OO eS BNW a 
= S26) =— ts =< Lt 
uy Wee re eu sO = 
me 24 SS 22 ODO LLY 
zt 2 Us OWS e k 
we Ws st Wy < 
YA DB FE Qnwnrre = 
QO as Sugden 
CC 2 WwW OYKZe 
ma UW Wena sy 
<I ey de LU Ie =< _ 
= tm OD lu Oz <« 
= YC Yue hZorwrax 20 = 
- = ecO™M Zot wo ¢ 
= “OU Peeve cea 2 
oe Ls cd ag = LL ~ to 
) resus ru ej 
Y wy Z2QDOnZzAvOe Yat 
ox mm Use Use et OO 
oad — « Ore kh Ce et 
>) rw me Om Wee tte Q WwW 
~ => CS ey eDeeeMeaet = — 
~ hw CO > YOK OK OK E OK Q T 
Y) ere hw he ee) ° 
= eye “OD ®Q eww ®F OZ eZ m= 
Pure es) y+ ‘~N NGS OSRNOOUONSO OR OSs 
OW ef ‘Ne NE NNANNOE No© 1% RLS 
Tce + sal — a ran +7 wg “a ed “ae 
ZwZz He RP Re RR RRe Fb RIE 
Om tC HF SB LZ Aeggewst < + {Ia<—t 
mre i +f SS = SSS + SS 
awk + CO &% Cevre = +e moe 
BO +4 35> 9 Bags * OBIS) 24 
QO” + tee eee % Wily i 
+: + Sy + 3f 3e 
ry + 
+t ++ 
a) t+ AWN MFO O + QOrDo 
Oo 3 Oy hy. Ses) 3¢ Pro fag Pe Pe 
+ QOOuwF — Serr - OOGF tt 7 oO 


43 


ae Seo So De OS 2 aD IQ OO DSO 92270900 092072700 2009007090300 9 
INIT PAO ODDS NDE NOM QADDAN VFANOHP DAD AND DN OM ODDIAN IFA OM DO 
QO0 320 3090790000799 3539009 5909009079000 5999090990470 009090 90090 37090 
ia) ae a Oe) SS Oe OOo D520 9I80O92 2 409 0030000 9027239397900 0 
ANAMAANAAANAADARAADANAADANDANAADN ANNHANAAAANNADANRANA AANA QHANANAANNANAANAM 


Qo eget tag tage tt eget tage ett a tc gti gg tt ct agg ttt 
OY QOO0 QHYIQIOIQYIVYO BO QYIOQUVOVUQUI I QYI OW OY BOQ VOY) VU DODO 


H 3h He Ht 

+ % 

* + 

+ + 

OM 

% 2K +H 

#<ID+ 

%e 0 6o~ 

eID 

+ OWN 

a Or, +f 

3¢ ust) 3+ +e ww — 

NOt 864% © ~ 0 

+ Oe OF ny ~ Y 
=~ HUD WY ity 
YA FOF VN 2 N 
aA te # 2 a a Oo 
= tO + | Q — 2] — ating @ ey 
YW *#IOTH be = ° = = Ly Zz - = OQ 
N F#AOtk. << VY) Fa = z =| a Zea ry 
QO F#AYH & a. a WY a t C yh 
— Hett IN YO C9 ud .) Y Ii Wn aaa 
mes 6b @ VY Yo YY I ixG oy ov} 
tI #0O * OF — ae ee x = x Oo ULL) 
QD eRuUse We oO J = a3 “1 3 ~aZze => ae, 
A + Tt AY ~ 7S) Ye 9 Pa » QO an ne 
+ ih + uy MN ea 2 = aa ie -—~uL) ~~ | my ~ 
> FE HH WSN oe mT ~wam ZN ®@ ~ ~~ —~| —~=<T zy 

Hr = MA Nm Aj-m @ ND anD NO “Ait Wm e HO 
Uy tere D200 © | OO SuV ON = OMY =H ee N= Ce gly 
Zz FO fF Aq et™ ees LAI LA Yt WAN @ANO qcuswr YO KR AmluUND tf @ 
— HOM GH HOYLE rt ROU POWERS By ei SOLWH 9 
re + MWe COON NH YOR Be RNY HY SLIM GNHIDM Quy ens ~ 
JA #OQOIF SMWONKRORmRBSZLwINWNY BS ew Q ww Dew SPUMRHZoernz 29 
9 %#DOe SS SNe USI OH WOW OF WOm OW W~qfoOHaw 
a HO, 4 UY JU <tr ROR OTR RR RDP RRR ER UN RE RQ SRR ke 
= 4 Fe FRAT YN ed LH OC St = 

st fea tetiat LAUD Axe Ov wou voosto~w~Dewu DOO x 

Y) 3 at at %HMCLOQIWOV YOO SY ELH IY EO SLOXD FEQOU RED ELMOOND = 


oO-~ wm + uy O ~ Oo ow 
ND a oS SS OQ SD > = 
WOW yO Vy WO LY ft) Ly wn iar cy 


44 


O9D9O70099909039099 5 99 379290 4499 26S 324246432 s224 
aN APA OM QAOANDLPHY OM DADANYNS DOM DAOAIN DIP HIM™ ODD 
UE VV SUV SV SVN YO OQ OD VQ WY QO INS MES eee Nm DDD NODVDNODY 


Q9QOVNV93990 9Y49OD9909NUN9090 09009070090 37490909 99349 Y904 9 VV DY 
9490909099 99090999099 7039999970059359090090 3999390 
ANNAANAAHAAY ANNAY QKNINANANAANNANNANAAAANANAANNAANANANANY 
qIotagtotaadtetacee ct qa tt ett qa age ct tacit gett ttt 
QWIQYVQQIQQIIQO OY) DDO) DO OY OWI QO I OO VOI QIN OID C3 


Q5 
AO 
Fey 
42D 
O53 


sf 
++ 
+p 
+ = + 
+ 2 ++ 
. ~ ap +> 
+ as ° + 
+e <= oo + 
+ eo < 3 
3 O = + 
+ “ a th + 
+e o — aye) ++ 
+ 0OU ~ Cc ru. 3f 
3 ss —iW te 
+ 2? ek 
+ « —2 <I + 
~+ Y«©e© =» 2410 OQO2z= + 
+f < TD on —— 3 
+ oN ek WON a 
et nN A eemwD Guwse +f 
*%* ff 3D 2*90 © FQ sc + 
+ LL e 31°77 e e + 
%e ke SO Freer wae + + 
+ a 2 CAO OMAN + 
3 owe UL LOL 3¢ 
%06UC UCL or Ne Qe = 
Oo Be es Q ee + 
UU D> Ov < DJ 
YAY OO 2 Oustikez 
= << & re “I & WY 
a =~ SS Se VS -_ 
Wy WY Wy WieD eal z= 
= FS YW F&F Demaer Lu 
mo wgf~ ld ww <taet J = 
~ Uy etoe<Q QD Qevee Li 
Qt wm Ww Sw tw, = 
—~ = 2D 2 = Y Me e <— 
vot 2° Y tke OL YUL ee — 
Y uy LW —DarvreQZz os 
et —~ wo Lj—=C} Da LW Liy «@ 
) j=) <f zee Ye < e® iL Jj @ t= 
-~ me = De Wm Ly Cou C) <t 
-~ e ~ -~ Z~ ZC IYSZNCW>< OAWY = 
fy Pras 2 -~ 2 a e Wan WEI LJ aa 
oon ae =a co) Pra UW, Mote YO tree a OQ 
Ly Q “cs x LD Lg ad ee LY Bo SDNY, ‘hee 
Y) Oo YY ~ CY) eh reaWwWD eJ3Dke)D 
I) oe ny a xwyY? Y) ly 222M FZZY De aaa 
—d ce. Wu ce he ew me UO <te O OL = 
SS 7) a= « => nal —~ ee ak © oa) ee < 
ee, 2 CL om Y) ® (a) we ere We e Le We _} Lu 
LLJ —) oe --« ee, e Ss Ss ety ell aw» aD wll eae} rr — 
. ~ ~~ —™ ety ~ re DK OE OK NOR OK MS OKO, 4h 
ao ASD VY) IES UN ‘\) te OE Be ee ° 
fw =u = OQ rece = 3%$¢060OUNSD PFD ew & 2S ot se 2) oe N 
NO OAPF YO WN W~ewWeO +3 + ~~ ~ONS en NLS oo + —~ dd 
Sd wm Liem yy ol Ol) § UIP +e Ne RE NS Ne NS NN W mt 
CVV rwuoyNIe WIQ eVINDY st — ee es et ee +> gd Ot me 
~~ OU Bile mwwZmiQNZ Zi i re re bebe OF OU 3300 
O22 WO aWWeeKge aa Ye # SX A Ieetest —t at % aac 
Qe Jer Uber Onrere JD FUSS SE ia 7) 222, 
J s.4— 2d sazesA Za ie Ole er UK CO * wey OQ 
WOW eOosZoacOoOewLoeaw t+ © 6G) eeeera ys] ee) ee 
COCO SOOVU0 SUS Ce OUOe FF bh ee cet e ee % UihLu, i 
* + 86f¢ % i $e 
+ oy 
+ + 
uy Oo ~ 2 et AN ANDO SO AS + Ore OD 
=~ os — =i FN NWN WANA OQ OO ~~ 
uy uy uy wy QQUDN WW AWA WD ANOUQUOAANO 


45 


eae) SS) I > DOOD OD 22900240700 2093900990000 09023 
INP AM DD DAN DPD OM ODDNDAIN DEH OM DADAIN DSA OM QADASNDS A OM D 
DP DDD QD DQ ad tN NNN NOON TE ECHPLEE TE POTD FECT Pe 
Boe OOo 2 29000 390000090 300900000 3109 92000 39905430090 09N0 
meas Sooo 70] 2520000 090079090090 50900090909 900900000003 
Se Oy) JOO) DOO OO UD OOO DOOD OD OU QVOODUNOO DOD JOU0 YOO 
SUL OOS Oy dO OO Lo 
DNNNADNNADNNANDNNNNNADAYIDN AYN NANDANDNANYIDANNNNNNYINVYIDNDAYINANNINIINNVIY 


SUBROUTINE SECAS(CNQ 


x 
x 


+ + 

+ + 

+ + 

+t + 

4 

ean 

% OU + 

$$ Fe = 3¢ 

te << 3p 

+ LN + 

$e UL = 3 

% HW 

% 303 + 

% Za 3% 

+ Ox * 

WO t+ 

+t + WY 

HR AH 

7-e06ULUHCOO 

eh DAH 

QM H OR 

HAO <f 

~F¥ao f+ we 

eo TN 

* Axe dW 

WHOZMH Or 

+ ~~ LJ mw =~ 

7 jae VEce «TY 

Sp Lis uy Ly ee 

te ZVI Uj sf we 

Hee 3H LM) Oe 

Fete DZ 

eIDICF Sat ZN 

RPOrmr et Ld? 

RO RF ASM 

7 FF Ue 

eILFe SOO 2 

RY DR ty JL 

+ er trea 

a % % Zim 

HHH HHL OA 

1S 1S SS SS TS 


CMS (*CLRSCRN‘ ) 


RT 
LE 


Lhe Z 


EK AK AK RK AR AK OK AK AK OK AE OK KOK KKK KK OK 
6 


STATEMENTS 
U 
0 


GO TU 308 


305) CNT) 
FORMAT 
E 
C 
N 


WRITE 
G 
Gc 
C 


S (*CLRSCRINNE ) 
1,3 


Mot “CER SERING | 
ce 
E 

CMS (°CLESCRNG®) 


= ZinmwlewewnZt ZEeZz 
Fem) eR Ore et be pe re ay fae me pee TS) er = 
a SIZES ELIE OCS Sf YP It 
Segoe LHS eaa—25 meets at uw 
SOD) SMC QHCYSEONVQVU0 YY FV RYCMHOY VUE 


CoRR SRK RK HK 


304 
305 
300 
307 
308 


QO 


c 


46 


QOD Soa 0CODO 20 = 
APOAIN PRY OM DA D 
SP OVE GYPSY SLY ULV) 
WOW 27S a oS 
23502 209059 2230 
JO OS ces 
LLP CS LLY 
VIYMNHAYINWNIYINMNY) 


ING ANY®, 


ZN)" ) 


— >= OY 


4 
2 
\ 

BE AK AK OK YK OK KE A AK KR A aK A aK a A XK AK AK Kk XK 


E 

x 

C 

E 

& 
STATEMENTS 


N 

H 

A 

X 
FUCRMAT 


< 
E 
d 
© 
R 

READ 


+ 


yt) SO DN 
IV SVALY hh 
AMAA QU QO UAG0 


C 
Q 
C 
C 
ah afk ok a a ak a ak afk aK ak akc ak ak ok 
c 
QO 
ENC 


See oS 32] 2 2] 204920 209 2029499000 72720900092092900397090909009 
INP AOM ODD AN AFD OM OD DAN DED OM OD DOAIN DIP OHO™ OQDDANATA OH O 
DOD IQ DDD ENN NONI NON NNTP EP OPED FE COPS TY FY) SPN SNS 
N90 7009 290390 990300099 19499039090 JIN YIOYUDSOOI QOVY IVI OS8UTDIVOLYFD 
a I) IO =) DIOGO ooo 320270 .20090900009000 907290003957559079303953 
QOD QOIOIDY QO OQOYD QI QOD OY QPO OI QY OD OOD IDOI OOOO OQ YO DDO DY 
LPI Lt 
SININNNAIMAYAINIDY DMNDADN HINA NDNANNANNNAANANDAANAYINNANNANANAYINANYDANYY) 


UKUER" 


‘ sEL4e0e 


x 
xk 
ak kK ak ak ak kkk akakak ak akak ak dk ok ok 


FICIENTS IN, 


TOR Sse C's tz? it) 


gla 


DENUMINATURKR OF SECOND 


CJ) 
=) 
— 2° 
el 


STATEMENTS 


406 


TO INPUT THE DENUMINATURK 
TO 
FORMAT 
E 
é 
T 
C 
T 


ECOND ORDER FILTER 
ad 
END = 405) CD{( 1) 
(*CLRSCRN®*) 
de3 
ANSWER 
Ee res ) GO 
WRITE 
C 
R 
A 
9 
E 


G 


) 


a tok ak ok kak ak ok doko ak kokok ak ak Xk ak tak ak ak ae ak 


E DECLARATIONS *** 


SECASC(CE) 
ea A BK a a a a a a a KK aK a a 


2 
j 


ae ye -~ 
ae IND YO 
Vt ti = Pda 
Pil "TO Orr Uo el esr sOtuwrs 
PRU Mey MOU PULLER tet YT 
OC Of CQ Lu ~2.0 “GIP OPI Ew NS OLS 
>O 2 —~—WOoOWwd OZ Wom a2 pow ponte Fm A) mee Pe fm J 
SRT PRO Resp Rat yp az ZiHtbk 
ee ITs Sem eS OZ COICOWw AY <f uy 
4% Zuma POCO tH CWOwtLO ILO IVS BV SCD YY 
Hr OQd IQ EO 7DFZYOYO §9Q00 


IN 
5 
9 
R 


CMSC*CLRSCRNE) 


MS ¢*CLRSCRN® Q 
454) J,sCD(K) 


T 
e 
B 
NSWER,YES 
j 
‘ 
CMS(®CLRSCRNE) 


Cu 
FE 
ox 
I 
C 
‘ 


SUBROLTINE 
OF T 
aK a Ke 
E 
L 
E 
A 


x 
x 
CK BK KO KK OK AK OK OK OK 


401 
404 
405 
406 
407 
408 


YQIQIIOYO QO 


C 


43 


220239300326 
ADAN BS NOM DO 
SPV yu Va py yury 
WOQQVNMNIWIVOVNUI 
OD 722420205924 
QUO QOYOQOI0D 00 
UU UU cy ed Li Ue Ly 
ADNIMDNDMNMNYIY) 


T? CY 
ENTER 
Me RRA AK AK AK KK KK OK KK aK aK as ak i ak ak ok a ak KKK 


H C 

A E 

X G 
FORMAT STATEMENTS 


£ 
’ 
E 
REAu 
) 


G 
END 


COON 
Mh 
OPPO 


F 

- 
CHEERPERE SSR URE AS 

ir 

F 


49 


Sa Ses SS) ioe) DO So oS DO 200729 2290040008) 2 3972095920090 90 9905 
SNP DOM OD DH OND PUN OF DODD AN DPD OM DDDAN DLA SGMOADDANGMNIH OM DO 
SQ DDD De et eet ed md Em EN NOON NONE STEEN POOP TL OTD CFP CUP T ATP CHYNA 


mee So IS OD 0 OD 00000905 300 39000 2.590900 990004900 
Ponsa ao OD] > ooo oD 52S 20D DOO 200 99003799720 9009000500029 
LU UU) A Od Ud Oy Oy gy Oy ey OO 
Cg Ct Sy gg Og yO Oy kd a 
Ley Liew Lag Luay ee Lan Lag Sew Ling tag Lag Ls Lay ‘ag Lay Sean tay tun Lag Lay Sew Lag Sey ‘dun ‘fa Laay lag ag Sele Lalag ey Men Lag Lar Lala Ly Cen ag Laay aw (Lag ie Lae Laie Se Lag, day Moa 


S4y4Xs 


< 


’ 
X 


> 


om —d 


( 
“ 


2/4 / 
KY 
+/+ 


eo /je 


x 
x 
Bok yak x a a ak ak ok akg a ak ak ak a ok xk 
Mo: T* S 
FURM 3 KA * ¢ 
DBACK OF THE FURM 


eee 


FU 
THE 
Pee 


STATEMENTS 
USE ONE CF THE FCLLUwWING THREE TYPES UVF*, 
N®© gf al Xs 
K OF THE KK 
UBACK UF K 
LERATION 


O OW 
ere TL 
Ir OU 
z2—aIun ¢ 
Nuys Zz 
2 2Zutou 
CO LLY Why ay 
-Q rot 
e=rKeas=t 
Ce ZI ase Ot 
iL = <ul LL, me LL <= SL) ALLO 
~~ YNaawy Noe apm ¢ NPT) LY AY) mw YI 
e LAM iy LAY LAMA De ey Ouse 
Lie ®% UUM OF LA yh a © SY Se Ly My Ni 10. 
OS) fem LD pee LE LU eich eiyu 3u my mic) mity etl Nef WHOA 
Cow GO etLy * Wel §<uyJ WJ ee Q ape ~p react 
Lgl, Pe > Own a WINwUI~ UW ZS rc) 
ty LLj~ py © LL je LLY wee = CLS mane Lf a LS ees ZF me OE ud 
WIS HrOQ4SF ZOOFOROASTRRENAROIRrO-A te D =u 
reared i ee OO HS RH Iw Ze CO he ee 
ZW ACWIQOL SSA CWO SZ Z2ZCwe we ww ow 2 NS) 
MEQ VUSLODQALOW SSL ILO FL SYM FS Lraye iLe we 


se te 3b 4% 


Ye¥ES) GO TU 501 
FURMAT 
E 
? 
O 
A 
R 


501 
TESICUS IO s0z 


*CLRSCRN® ) 
WER 


*CLRS CRN*) 
3)GU TO 


Ky FP 
NSwWER 
Ke EQ 


? 


P 
F 

1 
Ee 


2rONsNesANSHER SYES 
WRITE 


Re AR A RS a Ro a a a a ae ak a ao ak a aka a ak 
SUBROUTINE TO INPUT THE PARAMETERS 
OF TRE FEEDBACK COMPENSATOR 
we a a BR a a a a a a SR a eK ok kak ak ak 


SUBROLTINE FEEDBKCFK,FN,DN,FP) 
**%* VARIABLE DECLARATIONS *** 


x 
C Kx HK KK KH KK 


500 
5U1 
302 
c 


yk 


QO ON QUY W 


C 


a0 


Q560D 9965505508504 
DIAN ALN OM DADIANGS 
PLY DVS AVY VEL SIU QO 
Wo Sou IU UCI 7I09000000 
W272 O0O 32224 30NU90 RBS 
LACM LE tL Ly i 
CLUS LS 
Lane ae gy Ling Sele indany <dagy hee Lubay Seep ele Luly bebe ‘te Luay Shee 


+ 
+f 
3 
=~ + 
@ + 
= + 
oe + 
~ md 
= + 
~ + 
+ 
+ 
(we 7 
+ 
OQ 4% 
LLy + 
x5 $e 
a a te 
—Q + 
20 i 
=e S* J 
Ze + 
= NX + 
) > LY 3¢ 
~~ 4 
‘O + 
hoe —we ® + 
ee 
= IO 
>< —~ rel Y 
Oo MAW « ee 
=~ =z jWe oe 
ae eee ye) Cre Ww 
~w~ © OAT ps 
Qa *® eX Cc tJ 
ste MW Oa, — 
a i= voOS. 2 <t - 
~ | an oo = 
e peDWwWWI<o< Y 
- ~IDDee 
— JIj ea 
N le 4AIQNQQ es 
+2 |~ Po ee << 
+ aw PP = 
Y | azAxyutan xv 
~ | Uy LL LL a 
lpm ee 
% Zmee 
$s a it 
zt IMO C 
~ lw ee vv < 
a e ©e @ LLJ =e 
NK fe Ba Oo 
| [~~ hw OK OK, 9 
ea ef =~ Sm 
—=—™~.™~ @ a +? af —f —f 
~~ SS sd m4 he <I 
YtCY~ewww te ~~ we et 
Wr Fe EeeEr 
PoItadt % aad 
es a ee + See 
Wg og mo Oe + age eae) 
OW * QowZ 
zeweee Wikhitib is Lb, tbe LL, LL 
te HH + 
SS 
FH 
Nc % OND 
AI VY 7¢ OU 


LALVIADNOQQONAIAYLY 


eal 


LS) 2S 8S) | a Se ee) 2 ae > | ee a Fee en = Fee em | a oe > am |e Yee Fee ew ee ae 1 Te 1 em Ee 1 Pe Pe 
=A NPY OM ON DAN AP DOM ODD ANDO PY OM Q AD AN HPD QM DDD ~AN DS 
QWIQOQVO QO VO ON NNN NEN NIN NOD DOD OF HUTT TE SP 
9040009070 97999090 90090090999090 907 904990909090 30090VN090 3N0N9 


SSS SSS 5D SS] oS eo 2 DO 99525 2D D220 D700339D30009 
fpe Fae bee fae fae pe fre fra fone me free fre fpne frne Fre ne fram Fe fe Fae Fmt pce fame Fe rae Frm fee ae fae pe Fe ae ae fae fran fae a ne Fae pee Foe fe fam Fe 
CSAS LSC LY PS LP Sg 
eee ee eevee eee Ret Ei A Uh LE LL, te LL 


Cy - ++ 
~ © - + 
+¢% Y/Y a 
+ = 
~< == 3 
x < <I —~ + 
si Ze 
% > aN # 
*¢ WO = m™m 
+ zee lw lS 
+e WK + 
7c DODD Wo * 
+ Dee pe KF * 
%+ WAN 2 OO * 
+ &~nnN W WwW % 
3¢ LL, @& Sy x + 
+ corel X + 
+ WwW NAD DF * 
*+ ZT O~O YY * 
+ wm %|F+T a 
+ LLs = + 
+ Wistar + 
He 3h te 4 + OQAWWUR © + 
+ + + i ~ 3+ 
+f + e+ PRA ZS \ 
ee 3 +t —><luIigm—s + 
oe + =u ‘Lie o@ 
— + Ss) = = ak ee VY 
v2 + re YXn~nr sz 
+ — + =z ON SAU te = 
+H 4 Uy MiLOas {sD wW 
+ + ee el we oS 
% ae + Us Se ~~ AT uJ 
us 4 Pe Owes YW e 
*% = + I INH HH 
%#O + k= 0QO]3aM > ~ 
Ht tt * Y WNYANWUYR NY 
+ % 6% te Sr 
+i + = EPRNNQ = 
%~T et WV = tf ~~ ~~ St 
~~ FF NFt 2Y a Qo <I Ce LLs wij <{ 
= + =H Vw uj —~ = We Rr X< 5 
Da +eR«<+ Ss u,® - ee | CO Fe tem IE 
Zz *# DX RY az za - woe Se Lew © 
Uu +O + ata — ix ~w LL, Le ly 
le Zur Cet NO Q Oo =) oO 
— He <I ~ Own Y) ‘5 e JQ oO ae 
% 2% WW a ~ us jo we Wd 
=r #OWF+ On | — =xiMY) re << YUU es <a 
O *#reDH UW> OQ Dusu mm POZE Sze et WwW 
— + WH Ae Ac ° 2i> ee “OO We 
LS 3h LIL 36 =N za ~~ LL) e@ =~ sO 
lle WAM +t Ld a} ow —~ LL) Lhe ae FS “ Y) ~~ Ss = Tt 
Hrs IZ 4 oY N= —~ uu % NTU eS 
Ul tr + DWwe NQs =N vy e et 2 —teNZ SP FOU 
Za FD se <AN am ) Wyuy 1) Pw OH + eee Ne © HR TI 
=, |) GD es ES — YH) UN ORR OY Re mL eI Sg . ~~ UNUCU rat, 
eR SCR He CY DRKHWNEO A VYVOIV -8OD ee —v— wh — 
D> #O & Se ZF wh Qew Zein S2TFE % & rh F fe me 
O # DAH > mg Ly OZ WOmwU~ZOwZw * =< <tI<<t + << 
ce HN Usb Re RC) et dr Re Fe FR OO <p + > =. = 2 2 
a + He eRe rR Set y £4H Sate SR lu KHClUM ae a +f OO CO) 
2D ere = OeuUtawatroodcwLodw + 2 Oe St OD) oe, 
Yo RWHHH HHO YO FVUDNCO SOU SLHeDIOYN % UW Lig ky HO LL 
+ tH Hie OU +P 
se se 
+ + 
—~ + ed 
NI ~) tf 3 ey N SY % Om 
QOUNVUO,Y) WO Oo OS ei OT ig IN MOUOOMMmY 


a 


9030072090 9939000909090 009 30 3920993 320 922348085 5 256422 
NAS NOM DAD AN ALPNOM OD DAN ALPOD™ OD DAN VED OM DADAN WMS 
QQ QO DQ DD a a dt at NNN NO NOD 99TH FCM ET OT Se pe 


09909000 27039090999909099 31909 39095996 3599933920600 55050— 
990909 99900929909 3999909 929993303266 29 2ee22e22—2 
QOIQQQOYOQOVOV O09 POO I OQVVQQV QOD OV OO DOVDOQ90V0 BOOQVO00 
MUU LO 0 OO 0 0 Od 0 Cd 
OI IO00 2902909099030 90'390905959 15960005 355sSs8eoss44— 


S + 
a @ +f 
+ +e 
+ Wwe > + 
on = + 
+ = << + 
+* De = 
# 2O ~ $$ 
+ hal ese + 
+. tye oy DD + 
* D2 y¥~ wu 3% 
+ Petmwy 2 3 
+ QA“ 2 +e 
+ ayr~2 << + 
+ “Co =, of % 
+ LLJLLJ Y 3¢ 
%* “)0Q—r + 
+ W Sw +e 
% 1S] * 2 + 
$6 a) = + 
+ = ~~ + 
+ = = te 
+ HHH %# FPoOl2Ss = + 
+ te ~~ as = 3 
* + % Oulmss + 
+ 3e + NDZAa—> 3% 
3% iL, 8 A Ieee _-) + 
#308 ¥ UZ «=> + 
te | LL Uy eee 5 
re ae YM WS, Wes > * 
* UZ me O&O = =] 
% Tae WwW~e Oe = 
+ DN S&S AX Wo uw 22 
2 4 uJ ~~ LY J 
+ Use +* — e Wo = 
HUIDe + <— wNPWUYD™ WwW 
%l + + ~~ Nr CHK e bw 
OFF oS YN te A nm <= 
+ =e Y —~ °c) Ow 2 - 
ie %# = wu, WeQn wn 
tReet OC a — CO = WO ><> 
= FOO MM Lj - = te SISO” 
OO #2 rel 3A Pia = ZND— ew ~ 
uj % Zul+y {> =~ © Ee oS ~~ UUS NOOO J 
QO x —DHe Ke NO =) 5 Q QIN fF = 
—- + We atv Own ”Y le *€ <KO men OO 
Woe ue qe oO om eee 
QO #Oee OF i} J = LLY) >SuS: ero 
tI eRe WY) QO YQ Osu Ww eOQ eee 
>) + + CZ Ze = WI) >» — ae © ail ef 
UW + WU <M —=tli~— ~ DjZs ™ ALL @e<OxD 2 
QO F#zOR UW wo —4 = ~ m<I ~~ nNOMM SN <I 
Hm™ 3% YUI> IN OA YN “Amu = NN Medee W 
i rN De a = =a V9 eeyen2zrne et —— 
a * DLUF IOy™M esa 4 ONS ~~ YY $e = nF NX —~ —~4 
— Fee m= YY) LIQ BFR OUR MOU ere tpOus 3¥ 2 ~ SL nag Sh 
r= FOL Sy JON CVs ©4643 + —_ ~~ + ~~ ow 
I FfDOR Se SF wh AQih~w Senn 22 %* fF hh ke te be 
QO *#*Duwre > 3d ma LJ OZ wWwOru~2Osy~ %* <I << *%* <«<a 
eC tN Wt Rr One SE RR rote ke aD oe OE = aa ey Zz 
nD + + te peek Soy SHO KS COP SPs H ee OO cx, ¥ cae & 
> + % #2 Dew<atqQwaatYDOvyyLoow * Oo OS + OOo 2 
A Re sete Be Q OFYO0TI SOO SOs IOK 4% WL ee 3: Ue ee 
+ HH HH fe UF 
+ ¥ 
+ te 
= N 4 + 3% NY %+* OMY 
© © tae J te OOF Ww uN ~~ N 
OQIOWYIQOo oO ~ ~ “4 QOUA SY m= QUOQOT4SQO YO 


5) 6) 


NE20 
O70 
n9749 
NG7N 


a 
NNO 


Sa2 
NOS 
ee Fm bem Be Fe pe Fe frst be ee Fe fea be Pee Re Fe ae Fe be = b= be Pt be be 


QoQ YD OV Nt It tt et et tio 
SBNVN9090N90'I9JOVI9II9O0 JV OOO 3D 

ea os er ee 3) I SO DOD OID 32 OD 
Pad Praha mf pe Pe preg Pann Pa ped meen Pee) ped Pe pers preg PNG preeeeg PmeY PY pee Ff een bm Ped beet Pee Pm 
Fone Fem see pose me pmo fese me rm fmt fame fmt fe fee Pt fost ewe Pe pment Pmt fae me Fe fame Fm poe Pe 


mot IG JOOD 
SINUS UN OM OAS ~ 


JNJ 
2 
(ov Sov i ov i bvi os) LVN ee 
wok tok Ree Ke EKEKINIWIJIVLS LVWHOS AVIN a 


Fe (SYFZLIVYVHD O7 WOWIXVW) LX3L JD 3JNITT ANDIDSS MAINA XL? /YILVWYO04 SG° 
(oe (SYSLIVYVHID OC WOWIXYVW) JNTT LSYTSY YSINGs X28 Seto 13 S0I8 o% 
‘edHL NO ONTOWSH SV [XFL 40 SANIT OME SETMM AVW NOAS XL //) LW G9 


woke RK 6S INIJWIIVIS = «60IVWHOS) SLIM ae SS 
NYNL IY 
(G)TSSWS(HITSSW FE FEIT SSW EC Z0TSSW SE (TI TSSWI979! ©) 9744 
(€S¢9°9)ALI YM 
(SVTTLIS COP TILES CEO TVLILICZVT TILES CTV TILL (97956) 0054 
(ISI9®F)VALIYM 
(SC) TISSWY(GITILL NIISNAWIGC 

ISSWSTTLL YIOILNI ; 

fokok koko eke kkk: «= CST AVIYVA 16 NOTLIVYVT1IIA mae ae 

AeloR a tok ke tok kok fk dak ee i doi tek tok 2 & & tek ek & tik 7 

* S107¢d 3098 SHL YODA ONITVVIA SV x« o 

He SSINTT AML INdNI OL SZNILQOVEGNS «# a) 

Rete ie ote ee fe 2 ote ate ake fe feat ote ode ae coke i oa ode of ok te ae ae oof ake a ae ok ok 3 


(TSSW°TILE ISSTILIL JSNILNQOYENS 


24 


9903590090909 9393 927093 39093 9992929 9SCs 566 ee Se oT 
= NPL OM OA ORAN DIED OM DDD AN DPPH) OMDDPDAN DRO OM QVADSAN DPA OM 0 
DIIQIDOIO Ah ht NEN IN NAN NEE) FED Ty FDTD Pe 


O33 JO OY 9 0990090900 3°30 3D O00 000000 1770700 770207020 002 
Oo03090 990900990300000 9920079009 30239070 OC S2ea aa 2s. 2 
Pm deg Rd pmg mm me mee meg ad peer ad med pg Py mad md mt peg nd ad meg me mee md nd ng ed a meg eg meg and md png ad ban reg rad nd nd Fd ng ad eg pang Pa 
{Itaqadtaqatat ate qt tf td ge st egg tt tee eet ft te dt ge it ect teeta 
SRMBWVABMA*WNDATAAWDTADPATAASTAASZPADASASTAAST AT AA HLA TZ BWAWEZ AWE TAT = 


~ 
QA —mNN s 
Lh WIV o@ 
e Q~w Zt 2 
SY) gue +j<{o ~ 
<I Lr « @ a 
S| e Qh e 
Te mm) ell) e 
e {ertQe ~ 
/) am 4 CO) @ a 
% Q swele o 
+e _° NOOW e e 
% /) eT ee’ 
Wie eee 8 6*¢ Im elYjNe a 
+e + Ps i! ——«. elTe _) cS 
3 * ZMNFU ee e # 
+ + ~ wt ec eo oa 
+ %# NY re ~NYZERe « % 
eed + Lu Zz sa *i6 4 ~ + 
+ + a << IQYY ee = 3 
+ + oO JI DQJelbleDde * 
+ +¢ = Qa iw amQS ee ~ t 
id + | ale at eLO™uD WY 
+ + ~ -— —<—~w J ee Y 
+ % << ~~ mw ee es = Y 
+ +e => a he ZOU oe a 't3 — 
* + ib NO eLleyn -— z= © NI 
* SF © wW rt = NONe = — Oo 
te <—f ++ md LiJ—w 2? er a — += id = 
+ Ww te om ~ YWOataz Te SI > ~ 
+ Oo + =al SES ow OQ UMN Sj CS 
+ CO + = Oo LAM @ ae = me — =) 
me Oo 3h (oe LNG OQWAIN @ oO — 
% A He AWN eee LotZz = = = 
+e i I-mwe Qu WY cy a) 
+ + ee K~YQayOtm 2 fw (5 
+ 2 * — ~S~Oh——wmUDZzO VY? > a) — 
te — t+ DMeNnN ZN 2® — LJ Y) S) 
%* 2 # Q LN~MQN~Oa = x uw uy 
+ = a 2” Jelly eL & — = > 
+ *% 6 eDweCtijyo — = Cts we 
oe + LO “Oo. 2 e--\) a Uy Cyo., Ly 
+ Ul + Lu oe eae — LJ a UJ) UJ 
*%* DO + eg Se ww Qe et YS Oo ow A een Ye 
te — + <— oe jymQu = SO Y ~ Q m= 2ZYN ai 
+ % Oa ents Se 4 ~ JY &Oeqwy wtp 
+ 3 iy el, Meme Ome UY) an = = ~~ Nim S O— £ 
+ + Li ZING eT «fh if i} <— LaAMmMMO Whey 
: + iS eu we IN — J SoS eG QQ fCrEor-2za >“ 2 
+ es NNO wm ZZ eo = ~——y HOOD 4 © «€ 6 8 Uiljinaoatgy sOd 
sg ay + ~<J Wud YD wl @ Op tw md mL ze em OY )LL wt 
es Pr ed RRS eC Kw L YI IAAI | WW Wd + AW9o erty) O 8 
aes + + Lip TO x US Ly es Som ZFOW YW 207m P= ZOO + ZAwWWN OO 2 ~~ NO 
+ eg +e eh} oc LL] —g CS men ta nd a af nny ad Py + LL] et Pe LL ee 
+ + * O, Oy dd J HL <A SS mt ee ee we OD OO + Jl t*wdr-G °6 
+ eS +e 22 AL pbb Fee et er AINANAZY WOU eg ad lm ee 2] EP tT ee 
* #4 JIuwe2zaatq ag oqonad0Zz7zog00vwa 22 4+ ase See 
te te 3h 46 + CO YS HQ ON SQA QOIQOVOIOOQULLA ji) S46 OO sa 
wy wy ; —_ 
N 3 ° 9 
° 3 “ iS 
QOYVYOUVVOV O 4 = ~ Boe 4 


DS 


Sa a ea 9 OOS OOO 00900029039 900T000000009 
RDN DSN DRO ANMS DOM DDNVANIE ROM OAD AN ATOHOM QDADAN DENY 
NTP Rh Pk Ph AL Fh PG LS Ph Pk YS NP I A A AISI I 
Ee So OI OD I OO 9 JOO QU VO DUO VOY UN 
Se e900 00 JI OOO 9960 37930909009 90900N00U3O9V0909000N0N 
Ped preg mad ned and ad penny nd pane jag a tema Panag Pm pang Fn ped bang PA pang Pp toe Pn am am MY pees Pa pe pag Pd feed tome pee} me Pon pan pret pam pong FP pn pam Fed ba Fe ba 
Zaeatadqdadtaadaadadqadagdaagqaaqdqaddqaqaaadaaaqadaddaqaaqagqaqaqaa 
BRAWAVRVWwBAAAAVAAV*NVSAV™NMAANRMMA*m|MRS*ABMABAASIASNW’NIAVM™NAAV*’ALVWRAB*™|NSIA™S*!ASBAUSMs|yN’ 


“—: 

— 

= 

2 

<a 

“wi 

% 

+t 

Wn 8 

ad © 

S mma 

= ~~ 

+ 

QS —!= 

bh hy 

(y= 

Q= LLJ py 

Yo. SS 

ame LL, QS 

Ya OS 
Use = elles 
an) Yy— ow 
wea yn” ht 
ULI oe Nt ~ 
—~ Sw ey em ous NH NH OD 
— <4 Wee FO YJ AQ WOwnwow 
a2 2~“~~ DW ~~ Zh eX 
Z2ZQN wT Hae ZO eet Ou 
was SS Owes i ee oe toe 
~Q  om~nz WY QR 6 ww mw NY 
YOY GIMZH WU 1m ~~ 
S932 “USI OOK OUI 
Ne eA LEE ULL fe ms ao a 
bed bed JQ pred J Lt) ff] NY Oe me, 


VIYI Ammer 
rag LL wee mm SD LLY eet CS) me eee 
are er a ee ss 
ad ad Ze a Ss SS IJ 
WIOCwwtzAoaAsqGqoonrtwoowg 
WYIOSEAI QO Tt EMOULY 


L002 


1015S 
1014 


C 


HE A A RK KK a RK a OK 


NUMERATOR 


° 
e 


SYSTEM 


UNCOUMPENSATED 


CRESS VHRR SKS 


C 


“oo 


Im 
te CV 
tt # 
Ye Y) 
wat (/) ae 
+ ~— F 


Neo 


on™ 
#7 
+ tet 
VI 
~—w SY) 
~~ 
Rs eo 
=) = =D 
“wr VOR 
I~ 

aa 


++ 
% % 


c 


316 


AK AK EK aK OK Ke Xe aR A a OK 


DENCMI NATOR 


=o 7 EM 


UNCCMPENSATEC 


CK RR RK DKS 


o=_=— 
toe 
sewRU 
We te N\ 
wt SY) FZ 
wv ~~ 
mor |i 
= — —~ 
~~ PO 
CD me 
eS Teak. 5 


+ +0 
le 
* 


WERE AE AE AK 9 AE aK AK OK 


FIRST CRCER CASCADE FILTERS 


BK BK HH 


Qo 


Si— 


Wo 


\sY) 
a 
C) ~we 
<= 

Sa 


(3))+1.)% 


P 
A 


NCAS/UCAS 


HCAS = 


CeKE SEEK 


OH OK OK A AK ACK OK 


rr 


te 4INAN 

ia) 
ANQOIQO 
Reps 
uj" 
he I 
3 3f tf 
mV ib it if tt 
ibe YIYYIV) 

te Se ey) ee 
Usb 36 3p 3 
SQ 
ZWENENON 
Qe a as ae 
DAN AN 
ee 
YQOOQY 

het 
tr 
LUNE NEONION 
CO + + te te 
Mit te 3h te 
QyImnwn 

wet “et og weet 
Ok He 
anaes 
a 


= we we 


Fi wu Ww 


i 

%6N ON 

sey) VY)? 
a 


i 
Gyan) 
Q 


C 


N 


99393959 39009790090 990990092 RN053239 70929009 946438 39 264222 
MmOADQAN ALA OwDBDADASNASN OH DDOAN AFNOEPDADAN ALTA OMODUADANALY 
ADNODDDO9D N00 DAH a ht ot tN NNN QIN 9 9999 99 9 VO OPS 


DOD in ds sd a meme me me md md igs ad is. ds em et ot dt HO 
2OOS9 920009079 9399900 9390909 390 2929090009 3994629988485 
rae ame FE pomeg eed preeg Fh med Famed Pd peg 2 preg Pp bey Prag Fh med preg Ft pment Png Fh peg ep met pee Pep pag freed em bem nef Ph png Fh pees peed mee pee SE bet fore Pea tae beef bmp 
SS Fon Sa a se ee Sep ee 
SSE TSATRBMAT TASTES TBMARASATALSA SAAS 2S TES 2A 2 es f e e eeee 


+ 
+> 
+ 
+ 
+ 
+ 
+ —~ 
ag o= 
+ 2 
% ~zD 
+ oe ——d 
+ 2 oe =: 
ae Apa e Zz 
Zz On — =~ +4 Oo AY 
= e Oa) — Qy= NY eo 
— & ON = tics a al 
~ en 4 Y NI > ® 
<— e > ~ <i a a | i 
Y) = N 1 =) i xy~ ’ e 
ast O — - as Ly | O 
tu eo 4 ~ UI ~ Ale oe a 
a N —~ || = = ss | yy 
> s =~ — | =~ ry = em acon e 
© — uJ ~~ woe _ Om N= | 
u3 SA New ~ pe | Timm) wy J 
© --™ Owe WY <— WZNNWY o@ >= 
ba = ~oO <O= Lu a wD *® Qatv ~ 
2) <I (<4. ~—— ae LLUVIA<faQ. << + 
— mm ~i-~=-= 2 o ~> @€ Qe e 
a 1, eC N aneae oz = Wea «a 
CS a= Cae Za aAmO Ie ond Zul ae & e 
jo Sk QO ws Ir i«f; en MUI ~ — wWILOGD “Be X 
YW UW wh YMA EFA OO lu en YAO AN eD”NIN-mW Am e 
tw 2M OW <I +N! = «x emus —~ § OOS & HNZNN \—- 
J wreona=-= m= <{-4e Nowvltl ~az Ayo HUT nwt ao en 
A + *+=—Laercor eDie the Zi Mu ee @*eCCrnIIIYvasil « 
~ 0 6H ZOO™~ —~H# OD ery ~StSe No — © Dire Suwa ft e e4 
N *#% NYNANBe e+ LT QAO © ~amNwmin & O ~—4+ wee wmwYe «ahi! | <X~™ 
lH HHDROWO w~OQORD9OI @~e ONTEOQID SADRmWNWU HH YN YNw~ Ke aN 
(> H% SCL Zee © 3TN 0 Ia HD Owes OFIUNT IBS ADD UUAGD! I Mw 
a te eee a UI eee LL md tp HU vYOW OW SQ SS ZZNN ZS 
| aN DW Dae DO Re LODO DW YOY ZZWW Yq 3D 6 0 JO 
=e WoW ANINZ2ieIN Rwy ASI NOU we DN BO NOS Ke LOK | DIO 
— + ae ae VPC US ae SE eee LY NL jive e 
Ue 3% SMX << San SASEIER Qt RAE 44444 494 45599 45 
 % aes SOO oe Ft ew ee FI JI I J IF) SII So SS 
Uy 3 ‘wll i OU Eh ot tvrortnatataeteeteedeto cet = 25 caet 
Y ae FOE DE nly fame EO ELA EO ZVI III GQV000 U0 OX X FOO 
Q OS 
N Os 
— a 
COW) ——f Oviya ad cy 


37 


eee ye) a oe) SS D> 39 2e 32299090059 9795939757090 35N90 3939090 
AN OMOHND AWN ALPOOM™ ODDAN APB OM DADAN ALPHA AM DOADAN WEA OMDADAN 
PFPPLPPFAANAQDAAAN ANIA 9000 99000 OMEN RENE SH DH DHODDODDDNDONDAD 
a cm a cd asd a md ds aa mt a tO dt tt td 
Sasa eS) Ss SS Oe Oo] SoS 7200292 2a 59 D00D00909003970 5509903990 
pommng PE pane Pemeeg mand mang need Pd paneeg reg treed Pg boned Fm pene eg PY pene peng Pend eed md pene bmn Fan peng Poe med roe ed pene pened Ff preg Ff Fmd png Pt pag peng Pd aed? ef Ff peng Pn pm 
i ree a ee it ee et 33S 23SSS225 
pees ee Se ee ee ee es ee ee, ee ee eee ee 


——; 
@ 
| 
= 
eS 
@ 
S,) 
Be 
“ 
oS 
=) 
t 
> 
= 
> O 
LLJ = 
4 2 
<t — 
ae 
a. oO 
2 — 
eo —™! 
—m (@ oS =) 
IA & C4 
=~ & | ey 
— @ = — —_ PFOmA MS FIN Om 
ae) CN >» Y =a ANNOY ~ 
NIe » - Ly mODd09D0~4—4 +4 ae 
=m ¢@ uJ —J > md wy tt ay od at 
Jc YN —~—>x< me — * 
In Ime o we roe Qooao 2008 Y aa 
= Te -~a=A LLIy ee ed = (WY « 
——~ Te a. 4a « UJ Y ~= Goer to ia 
ei eQ tor Ye AxrvroagoeoolWonenM QO * mm ila 
p—— WO IZ ee Ze Cc8 5 OD ee e J <a = VY 
MO Uses Le a oO. <fm <f CQ me ae oe ee eee ett SON s+ <= a 
NA ¢ wl CLOeeyaen=m W —~m en A. SOR ZINA DO mee eet 
eo~w UL Lee ~O4-, Zz CO ae Je Je oe To et Le = —_— ~~ <«< YD Wn —wNm 
we ww YQ Zw ISIN ON ANS AQ IO QIU WOW ETD (wer er ery VIN GD 
~e he Otro pe pe OM S DOF ee tee ee! CIN EN INUINLASEANRANDON 
AW j>fo oS uta ~3et tt PIV DVVIIDITWIID tay Wa a a Oo tt aS 
MAS OO OROMNYA AD 94 8 WOR WWI WW I WL DO QNOF OSE OQ ZOU DOW oN 
SUYCWIOOWDwWUWY ZO te Done « 0 & © © & o © OLLmdily Yel my DL SLU WLU eo 
OY SOM DY MANDO NNNNNNNNAMNY LD ee BF OD NM awe 
Lb me Pm LL mere eee OU) OO OO Oe Oo Wwe 
S444 Js st he RO i ig go oR IB RR LR LR I OO 
A444 dds ea eH LL we wr wes a i il i il i dC et 
teortfegterdergresrer( Oia LL ha PO er Nat onaeOo st j3aanmte Oatow 


YOOUQOI YQ YO OO YYO Ses UO BLOF Nt te te OO QO IAI DIVO IOUIQOU £v 


~~ So = NM SF ON OO ih LA 
— ~ + 4 ~~ NN NA! NI = 
= S39. 0o90naAa aAatlUcrO hm aS 
— —+— —~ ~~ “4+ — — ——~ 


58 


23370300 333330390393993093700 39 29238 e23932 02S Se 
WPADM™ DABANDA FN OM DADAN DPA OAM DRO AN BPN O™BAODO IANDLPKH OM 
DAABRADANRIDIOIIIOODIDIOA a4 4 Wet dt st NNN NNN 9 9-99 499 9 
AS ONIN ON ONAN NN NNON NON ON ONNN ON NNN NN OYINN ON NN VW ONONAQN ON 
3 20903097 3030333399393930 3933009090960 33393925 342 
Pam and Od armed baad Pe peg me peg ream PG pmeeg G d bmeg Pome beg med ed bat bmn pmeeg bag PY bam ad Pd meg Peed pang tena ed paemey ——d  peeeg Ph preg band baeet eg bong ed ang bt 
33s oe et 888 eS 2 SSS SSS S324 eee eee 
oS 2 o. ee ee ee BERESEMT TS LALLA ST SSS SS Ses eee 
uJ 
o (>) @« 
on x o rs Se ea 
ee ™ XX —~~Arx< o 
‘1 a af Me ih o ee 
a we Kt — ~ eA Mile Uy oe 
< aime ~ om wOAMNN OS 1 
Y w2« a@® -~ = ™ eid 2 ewe Tea 
"ee Pak » e J e* ;Octa SR ame 
a o— =. = <f .« hme CY __J e 
TT Ne O Se ad POL OL TO tA 
— =2— =~ ~~ w= ~ UND Nt! ety 
AI0K >= > e FTF NAQWADE*~ et 
oe | a ~ oe —ws NO OY OF IEA aS eZ? 
YS haz <~ »« Ta) ~~ [UO “ORR <fi<feen SY 
Ce y=o hme fe ce am~ eH UCU =vs = 
= 2s = - © ie AVS Ul ale ae 
>) ~ ~~ bh Ce Se Uw) wc ‘(Sey |e 
wr ALa ~ & ZTwnwew TF wLwNVewTt ORK 
<q Ue ie ~ *§ YW YI NA =rFOaYy Oo 
of we YY eM BB UD we < Oo SOMERS LOZ 
Wy Uunm eS Wh UW me Dew DC Re OORT Re BPO UW 
K— tn @ etl me QA JY A fe 4 139A UO2ZT7O) WwW 
rm OA<I~MeR JIN SS ae jeer to Siti 
ODO BArwrtweeaty me Ow we pe e WiLL coc 
oe f<fRee ~~ ‘Lee (3a 27> = Lty elWAMIUSS SY 
<< Tw a ek = eaWuaDa aA Nx<eRO Md A 
Shek Wwe WS W2ZOAZ 4a me IJNZDMN wl yy 
thy ZZ”AUWI Tae ANT Fe 3D LS aoese YD LDS 
Ss he Ka DOT Re OT OT Te w~O CUD wi hee LU he ™) 
<f CO I< 3» <f ~1+ <~ wwe SS MAUI O ~~ ee etd 
ZT umtaaty NN nN B2a27F0 YL & aomwmUIWS UN. 
3s AW DA Qo Ge YQodwdaret De” ev «NN « 
a m7 Neat we <f C3! 68 WOR aS A fre’ <f yw S 3 << ° 
—~ kee) 01S eae SS a ‘Ae Seat ti  t e KO mh 
o>) mi Oa ~4~S MUVUSeOZ eA wD e Yn ew am a 
a wy Il wWOY We WS wAsaOReUOo<at 42.2260 oS 
A“ A136) QS. Ces cis] eS PA 3» <{MF Wek e@e 
a co — (Stee IS YWrPOrZv= eae > ADSRe —JiAe 
- = a wor We OQvr OFT NnNYe Qe RUN IUZS? DVD 
LL ee 227) XC C) CDaete er BAS INONI 
eS s 3S eRe Sar me 2enaxKerg «DQ WW 2ewx 9 
5 — QO 400 fF 2H HUD O44. =e RPAtAUIe YW 
~ ~ QUOTLN AD CHoOdIWAawW YOR aA D < 
Y a0 —m™ 2ZQ0Y% eow SOwowereD DIA JCS DYrs w- 
iid wis Me CMU eRe LRPNA&w le KO MLAUDARwe_tilLRee 
>= wm AamUZORAeLe~N Le IN m6_—~ > OC Ouse 
e Ss” Zk —  o > > = AD > LU © ma2722 ~DONMe 
Fo AW e NZ2ZZBL Ewen 2 eFWZSV2ZaZYtOORmBDBe ZOY ND Me 
Lid >>» ew LLY at ey ty mee Sep ei <fe <fu eQ7O eT LU ep ON 
8 ~m<{ ¢ <~~we jie Zeee eee Fa Ne — eet tReYaN 
ad New ome CP ~ MULUIQ WINUILI<f a aw OK @ OY Om are ZOO 2D “MN 
Y INOQUJ © 09° SUI rye SUIS ST RS KN eK LU K  elL LUOOCEN 
Zn oOo QO NEw VPZOWBZFAIZZOMNEN™ enh afer QFN DUE CUO eae 
Ian NHDYY NW et fs S-7e<t-t ee ey & od @ ew 8 ey TL oe CaN at dS 


‘QW FHF N INIT LDOLRHTCOIONNSANN SPR NS LL = aide 
mi DO © SD ~ Dw OD 2 SOR OO 2 wwe wee ee we Yn we ® @e@ee® e®& « www 


RT 2—NNON —De Fm bee = ba bebe bebe ke ke — ee 
Z Or UI we ot aeaaiaadtderrtat << < <I<< 
tRkee OTA TAS oS SS === 
—~—~ Zee lOY CZQZIIFYMLAYYM Mr evr Yret KX a Coe 
ULOMAwiL<aTeMe Me ee we weaee ce BBIAIMONOO AO KL OO 2 
— JQ SL INAL UU Uo Ui ee 1 es 
eh HE Ib te tb eb ie at % % 4 Wh 46 ap 36 36 Ut 

Q et) NAO OM0m CO N Oma 

- LN ON ANA AWNOORBDA mm rm free Se few 

“ eS co Qa SIS Ze eS ago 

—_ — — de a ed “al — ada“ s 


ag 


REO», 


aes 


ee 


ifiot OF Reb EnoNCES 


Gianniotis, Demetrios D., Interactive Control System 
Optimization and Simulation, Thesis Dissertation, 
Naval Postgraduate School, October 1982. 


iijeliom G.J., Design Of ecdbagk systems, Dowden 


Hutchinson and Ross, Inc., 1973 


Ward, J.R., and Strum, R.D., State Variable Analysis, 
Naval Postgraduate School, Monterey, California, 1975. 


Luenberger, D.G., Introduction to Linear and Nonlinear 
Programming, Addison-Wesley Publishing Company, Inc. 
rea 


Kuo, Benjamin C., Automatic Control Systems, Prentice- 
emilee LnC we L982 . 


Thaler, G.J., Automatic Control Systems, Naval Post- 
graduate School, 1984. 


Bazarra, M.S., Nonlinear Programming, Theory and 
Mlieertthms; UOnn Wiley and Sons, Inc., 1979 


Box, M.J., "A New Method of Constraint Optimization and 
a Comparison with Other Methods," Computer Journal, 
Demo o2, So April 1965. 


Schaum's Outline Series, Programming With Fortran, 
McGraw-Hill Book Company, 1978. 


W.R. Church Computer Center, Technical Note, "User's 
Guide to VM/CMS at NPS," April 1981. 


W.R. Church Computer Center, Technical Note, "Using 
Disspla at NPS," June 1984. 


Integrated Software Systems Corporation, "Disspla 
Users' Manual," October 1981. 


60 


INITIAL DISTRIBULICN ie 


No. 


Library, Code 0142 
Naval Postgraduate School 
Monterey, California 93943 


Professor George J. Thaler, Code 62TR 
Department of Electrical and 

Computer Engineering 

Naval Postgraduate School 

Monterey, California 93943 


Professor Alex Gerba, Jr., Code 62GZ 
Department of Electrical and 
Computer Engineering 

Naval Postgraduate School 

Monterey, California 93943 


Department Chairman, Code 62RR 
Department of Electrical and 
Computer Engineering © 

Naval Postgraduate School 
Monterey, California 93943 


Naval Secretary 
Naval Headquarters 
Islamabad 

Pakistan 


Directorate of Naval Training 
Naval Headquarters 

Islamabad 

Pakistan 


Directorate of Naval Weapons and Equipment 
Naval Headquarters 

Islamabad 

Pakistan. 


Commander Karachi 
9 Liaquat Barracks 
Karachi 

Pakistan 


61 


Copies 


a: 


Le 


2. 


Ss 


4. 


Lay 


Commanding Officer 

Pakistan Naval Engineering College 
Habib Ibrahim Rahimtoola Road 
Karachi 

Pakistan 


LCDR Habib Ismail, P.N. 

Pakistan Naval Engineering College 
BINS) isubilarsie 

Habib Ibrahim Rahimtoola Road 
Karachi 

Pakistan 


LCDR M. Tarig, P.N. 

Pakistan Naval Engineering College 
PNS Jauhar 

Habib Ibrahim Rahimtoola Road 
Karachi 

Pakistan 


Tayfun Tansan 

Goztepe Istasyon Cad. Np. 31/13 
istanbul 

Turkey 


LT Kyritsis-Spromilios Pericles, H.N. 
Sarantaporou 125 
Papagou 

Athens 

eee ee 


LT Horianopoulos Emmanuel, H.N. 
Travlantoni 39 

Patisia 

Athens 

Greece 


Defense Technical Information Center 


Cameron Station 
Alexandria, Virginia 22314 


62 














5 fp 
ie a : ba ’ 
_ - : ‘A 


Thesis 

rien Ismail 

Ceal. Interactive computer 
program for the analy- 
Sis and design of 
linear time invariant 
systems. 






a os 
bd s 
a * am 
e 
° 
= 
w Cd 
- 
a ry Cd = 
= Fy F ss A Pa ¢ rd 
= Ps ° 
Ps “ 
oT be P 
~o edison ~ we * 
a bl a o « 
= ~~ Cd rd ’ ? bad 
~~ a cd ¢ P Ld te 
* ot ie = ed at a 
~ Ff f cs Py ad P ra 
vt. ne a SS baad * a ibs ¢ » - e rv Ps 
- - = 
° 3 <: - e ’ a i 
a b = = 3 Ca 
eo* = no a ” ° rr ‘ wae 5 - a rs ad 
- oe Salata ma ae ° o : A e = os S - 
es 2» ae Po Cd 
- 2 al Di s! a za Ss ~ * . = 
ae a A be mga? a ns af mn Cd we 
= = - e Sy a 4 mi 
oe aed - *. nd Eos ~ Pe RM eee. ee Ml eh och Ls = Ld a 
Pe 4 we we - ~~ = . 2 a F 
as ai et i ss aie Bs a a Pa a ny 
— be a bs ad tay 5 7 a = jo 2 =i Ss 5 7 iz 
ei e Od = ar ~~ Ps wv e- 
a oom ~~ i an’ al * 
= as = eyes Py # : cr ney ; P mn = ~r 
a = 7 a a ty * oe ~ oa - Ps 
Fs zs pana en ae ns » e . - ee Pes = cord - ~: a2 ae a as 
a 5 rr es - os s re . D 
me = oo" e a 8 s e # jes = ae . Sy -- dD he eke z om o 
a a - ni = » oss 8 4 ~ 
~ > ‘ os as F Pea i lite as ‘acl allio z 4 7 ex als % a ba fd ry 
™ = etter! a ia — os * ota ani ¥ a xe = a : > 
3 ~~ - "i . : 
os a ~ o ~ bal oo — ~ * 8 - ~~ betel 
a - “aaron e 2 he a Se Ai pee rs " - re 2 = 
: = w ad ha = a = Pane ~ Prey : « P ” js # “ wre a 
ed * = 4 ” ao Oi ~ = x} a ¢ od ra e 3 Loi ! 
ws = 2 ais a afta ny ah) tin * be = ° = ie « -- 
= , : pat Be ae ra | Pe eT eh ate ie elie be os pa pe a = - , 7 
c - 2S cf - Oe a itt we tg eg ° - . = ri — 
Lad - = Pe) - er OY oa aes P 
— 5 pa — ire Py — o 
-us — , > The eandpap-te re * = oe al Po 
: 7 a a ath me we = = - - > hae ape: E a 
ee Led — = Hey PS . “ ; ~ - . sah! bas " - - ms 4 OT aan S y = “3 
a ™ - Oh ca a a all ra - ot ed - oa 
= 4 ce mas oe an He he i ler ~ - = - Pe deed Pee r 
~ etek pepe. _ a is a ° ~ _ 7 aot Dt: a ° . o 
oe “ = “s a a as a eure a " - =f - 4 tad = eer eee 
Th! ial sel ~ of . 
Pere SE rye ranewese maw Lae Reyes ‘ = ie m ~ a oe ” Pe ~ a a - ° 
a) eromry fet ek rag = a a ie wane etait) queer os ao Pr. - Ps : of gd RA 57 ~ 
a hen Sai eee ier in On cee an hn tiie os Ae ‘zs eee ve tan i = r) 4 a es ~ ra ah ~ ad 
eae at ate . 4 nde aE ‘ fe enthy os E - a = ; F i a Sain Pee es 
aie a ee diy - és aa Tet -~-* “ S ary a — a . 
a e Aone ee am 4 ra pe - “ 
2p bad rene amet hel = ie es Ma sie tina ~~ mR RAE ee ONS SS - t er wt ae | = a - ~~ ae i « Ae pte: te ts . kad i; Pa = es 
2k ee rane e oe LS oe des r f “4 ps jill, = 
~~ Oa 7 ah) ne! . ~ - - = - 
f b> peo ig pe - Lz ae o<~* eae = 8. Ne « Ne tad ei | ‘ ate eee sli ° % = = - a * ms wwe ome or = Ca 
pal es a) Ae af i be ate < ee a — te pia ra ad wT tlie a ee a a ae P - cae pei 
ow ie a : ips bs ais i ars ee ed ed — — - < = - — - =o ae p as a PPR Ss 
cn en ot i tel a S ihe. ont Wate « Sabi wn bd oe ru ot a Po go pp hg Sod alll face peel oe 6 4 Oe zs saan 
te cc ——_. use pate hes es . a ee cael co “ peli ogee hag ect wes i poe a —iepet-:, 2 , ne ch AE = aon) a age 
4 a: ala panne e =e Og a - . Pe eet pay . P ars “a = = Ey 
r =— nee a _—e oe ee al tind dani ed 4 = om ~ wr ~~ P e - the E a 
a - pee ae pape eo Yorn Te Oe la pata Se erty op “4 = edn e ~ vf + aaa a moe a '- ppp th vow Fa - pe 
—_——— —— bs » ahaa en ee se typing tea Ann on or oe) es ~ ® « * wwe ae ti ad lt tad nd all f al ad ae “ -.« eng? a pe 
on 0 O——— SSE EE » bla Ray 6 a = a Se: qr eae er ” « Ie abst ‘ Acad eae te d - * ‘ a ” a  Sise pi ali ne thd Ki <¥ “g atombl “~ ii - 
AS =e on Sp be ae Teen pt OY nd oe aha rte A eed no Th Steet a rate - Sh tu - f a te <# pl ah padi. jpn bailed eiactagatitel scthetie- ie et atm iw. 
a — eee lwo tary tippy teal peli a eget mee | we Sr dh hs ae Oa at dle ‘anaths Soe ae = 4 a 4 a pai the - #3 7a = 2 cs a - os tie = S a 
a on - : ae * — — mt -) 4 ~ a La os Puce “es gi al ie es we andl roe -~ _ - ons bs - se 
led ie = ee ae ate he : eal oe ooh be ce a ~ a - Aas note tod - poh ot! ” UO OP pea _ atte a whee: = 
a —_— pt ate 7 the cia Fs nee iy pec. 7 2 = ew NOS ¢ wat S of a Pea SS - on pola ee eee btn tad P 
ape 0 I ath tere aT tara aH bh ds xe an P : owe ows vad = ee iy oe seta teadntetllaadla y - 
Stem = ee oC ted sed bal . th aS sgh ge % es oye. bey Py a at sind iad rs ete tied od tl a he wigs ate os ws = Nap! ¥ = ad od Lm. ae & be = 
—— = Eek he eos oe we oI ao Rs eet ree Se det: in iad linda YP — . a . — tebst R cy Det noed dl od dl a tee ied “ > ea ra ~ = Pe _— A 2 =~ = 7 
a < She ae eat io Ait wera mo r eatgter > _ oan m wo Oe ee cutie aah cme bilieed aid Al ja bs Pe of eo en re mg ewe alg #. ban 
- = — ~ al AE tap Ah tpiripetandlintale ba S ote - * eye Pwr ed aed ° yi id jem get 
»- — LoD oC ~ Aap tet ae Mel ie ° «2° Te Dah ened ahs eae sah “icp tiem nite ve taf 9A he = * — ~< * a ww a te i r le eee = Po ’ aa va _ °¢ as Lah ln ¢ detains C aad an’ a os 
2 x “ po pe ert aa a ea be ® . S rw . D o - Pe ed oe Me ates ” Panera ay fs = Ca 
- — . et - Pe a mma anion oye “ e ° nat “#8 ~ rat © - . = = — ie 
Ms te wm eA Fy nos nO Bate ae Re tah ed wee ee se eel . Pane va a aaah ial - é a . Sa od ies d a a é poe Ne ee wv = en A Satta d ee apap a nae 2 be Ee dap 
: = ee A > aw Se seh I ed a cL abe ad til ° ba nm - f os es - Pier koa ad rs ae a fe 
= — N i ag a* pS ae ar Sed = 1h ams - -- 
: oOo) ———— = es ae , Pt ae on Aer ae i ee led Le = rr worn Vs P yt hs eth Ta mld ig Shee Ces ante tt Mi “4 = Laat lll tthe - PP eae eT etl ot Laeraes m pg nae pgpegen i 
* 0 V—_— J pp dela diet v3 sli wee oe en LOE eh Ses tab a aah i ee tenn i * nee © lll onsite” 4 = i é ples a ha - a! ~e | hte Met thot Pete! Os mee 
Taiy — —= TT nade aitp ee tar era epee Gee gong ~ * tom ee Pee ee Te edi hla eee PR oe ee ¥ Senn aly es ‘ ia aha og ata A d Td he all wre a ated - s 
= - Seed sf pind = rp. ° Pe ld nities ad r ~ i ir L - 
4 ———_—— tiie Se aac Madey alight “ea aol neath Pe et iia btadee Fal, hata itera. Set er peti eels. lg "et Re = eee ! ; —_ 7 tne “ee Cae - *, a agltag a oo <e6 ror ? ire ae er ad pera Ge 
ri Qo ———!)} ~< at a SS tare te abs one lea © appear re a  elithnh tno are rrr A ae ches A tee a . ~! = ene \. gen fet: ake. pnd ; , or an a i eae anaed intial occ spats cht - 
4 rey a CS pote pty lg is —<-Zp- 5 econ. Petite ee SESS, Ne re: a dl bein a ea ian ees had - ae ae = vr’ if \ ‘ ot Sah gpa ve opera abet , ieee GE A yp? TRO PGR Fil OO IPR sous aaa 
oe @ ) si pata batty * pal ee 4 Nae ee wy tte see Re aah hae ered Becta teh tate Pe ee eee | Pla Th pele * i ia tn Se tales lire ‘ ~ = nga r v3 oe jt Li Packie! rite i did Oot nahin hateet A Aidit fae 2 a eine! gee tine leat ee Te ee ee ae ARE tr X — patra aay 
— = — © ral 22. fale Lip eam <4 = me Pettey Sein Le atin tie ee Can ein han depen ah dh ci nadia. a iba death te lie 3 “u~ wow tN lelinadl tis ra rN iy APO OE 1 atta a hg Pn Se tant etl BE pepper td. stb ted atcha A ed me a ES ae he 
a S = 7 See ee ee er teed Orie et sh pert ar ees we Ge entailed . . Pe a ee lad Nl oe ea a alte, Anglpatart: (a theatepatn di disr. A * capa iis aoe es = allt lteddttntll i ae th ba = = is ae we - b is ee emt rs 
Pe —_—__ © x wg ee an ee ee bh i . ap HOH Away On Linh A te tant dik cot cierto aad 5 ~iaatist Ko pty ealiecips Be im wee pte ES . pede oe?) ae aed pT opal a z See db tis eal onfls ow ’ ee Ca al tae a, Sod pipe ey i Sans 
r QQ: _ he an I e , ee TT ahaa J = pats, Sup Ben Mp ine BOS TS Cee ne een 3 ae eee remo ee “ Pee ee age plea aa . aE yp reat os re deta Teddi OPP PORE gE GE LG POP PB fons - Se elie 7 ae 
Fp — —=— Sa ey eee en pated ES oh Te tenet not Lit tate Pile de arate APeey oprag yw <i Meat) ee ise int inlaid ae alpen pe f= fe cbf hes, Ledge Pin Sin india eT os ad lp dealer alent ee ah iP On cp Asean xed marae 
7 Ee = > gy SAE MN > ete ie ay et otis to Rte Cea tat er arnt ie Rie a maatieedtin ten Pare ote a ah catia a! (a ° Cae Tia Pa ta a a at "ahd pehaee chet Aleta flip le Sd nga Gh agai Oe Tan tesa ats england tena eG IPEDS Fe POO GG te Sees rr gs lid = ae fata 
4 - 2 P nl 7 C oo cy & a2 . ad = 
= el a te le Mahia in Se ae Sp 5 ep ES pa ee A eye er pre Te aed id we eerie Anan tenetertyr Ine ww 8 ca i coli ow b> td Bat Ho adn pein taser ye pail tice i eat ara eT  o  fee athamae se ecleaai stalt deol -lanctiot Re ee a Tal eth alk alas dilantin dil Prt ca = pent Ey Aes pence i 
© — ii) on eee y a theo rae \ aie A he ea alr i an bith, “tinder: Pe, Eh eatin ela d en eh abel ¢ eh ot id Phd ww vere’ actin patlin ib he La = Pay ergot le ON ee aT ee a eit gate et i did dell fini eT Tae atl atts at enttiate hiah slietl hated dal aah a & oe one 
OS I -a ot ee P pe a ee ateette EE ee ee ead kept aaniets Re PASO sa ee le wT eat) le eae ie een Pr we e- daha a TT Let hla late Koha duodenal Pe eel a ha hisses Pichon -Eusaasrdh ce ethene 
a SY = er aed Pn ey nati pape abil-A RN ee oath tee Eee yn cities intact | od ie a ale 7 ir ra aa oe Ts | laeeh adie Sa PLL aiahih er atld Fa we Ds eh hae eed tela ol ree. Pere Fe rng ey Seeger AO Sore a es Aedendinier dienes Bata aA ft tinh Riadae a ceed ak cient Wed 
@ a OQ i ad pp hares at parte, Ral ete > ast 1 nN end ant +b irctasiag nt ee ae ae eins he pole ~~ aT pears ad a ON Le LN tn selena al i air elope Ne ee cit dana ira tt lh cht pe tate nae 
= = = eb a pee planation © shoe ee oe YA Pee “ey TS were rd .: td “ey fees aor * ¥ x awe “ nae rw? : tell at - serneg ed ees at tla ek ed ee oe ee es ee yee Eee os Bice — a ole th ae 
es = N ay ee hte ahah pie - eeietaitied an nh be bei Saki eater a Pee et bie Eda ht ats Pk ae ah Accented - —- Bey: ow 2 Ld ah deen vfs M Re yO pasty. a nd aT a a all Nat le ol canal tide NT ne de tak da ae mente hel a ctl ht es Pia > apna ct papel Aplin Gah 
— - = tad bste! ee > —~ . Be Ee a eh sieied ~~ atte * <e Ft ie eh ed hale ae : a. ad TT ie hn Deiat d clita het aa I ee Lo sed ~ . Te ee lh de ddd ae ol} a tat at ad tet ee 5 Leet inet he a OE fel tee ame J hes ee ell Peel hel set see atteed 
oO = Q See Cote ee a al ® Ste ahd ee SO ea Vat a Ud —a rt See ated de dale nae atk eanigh Sally staked dae tieticlicialinded FY el dt i a oe le St aed a eh tank al lll lectin tattle page Pade ak at on chant Wk ath pict tgtrten act oils Miclintatias 
= pele“ > < Pe > 7 a be be rrr = i r 2 ’ 2 : i bee althealatl ah = r ay 
ae ea oar Meep stage My htiad bs a 4 P ” ye FR TINTED CEPITE LR ET oF S Nene d Re ad at, eo te ba PO eld ee aetient 2e Malla all et ad 
= x pane = pa - 9 ie PY YS fy. ie PTC A. at Py wv re ee a be el Da hae eT Or Dt een el A dete teed Feryer rn ar eT ae rae a « ¥ Cad 
- aN Tha aed Tat en alee Peel sip, Yin cieh alia taenliy) hn oh eh dell = as cag ees pee as 4 < wt ead ) a , 
= == pcg So eee aah Wipe e  atdy atelier ep Pa alisaths A ai dostetned Selim mat - pe agit to fetta Fy yin a oie ie do Baa ice gee tet ith a Se iat a a ead nore sgt Pons inital onepenae thas tnotsgt pet act 
Se 4 ” " _ a ee wwe om oe , Pf 
» — pc hip ae SOE gale pettas tattne ell a Lt a 5 neh Pet aad pe a a Late aah alle re apie dee pense 2 PT yh ie a ONT Te peat Led bee aren atest Pa tat Sie a ee eg actin A ie lc DO LA erteor er rne eves ppre cit eee 
2 oO aa te eb tat: RT lias os Sennen SI eR ee a i dcceah ead sak patie aiid Fe pate a re bs A 7 pitta, “Be eh tp ay ica tp eyes en Sia al esd ay Pp I a ah le ces tated al iain ee ky eae inl ee LAP Sesh iy as natant i ail 
. ————— = 1 RON Te eth tan eh petal Cain A movie pine ea dct PAGO sda apes s ; a ate Ge tiabd dataset si ahd I adn Ie tect Mt dll ot inattilll Fe al tata Ge toot Mtaeipeiadolas ita jel ff , Sapa tty Loch ee ne dais et 
- sal . eI - b ras * . as oy he - = ed ed ie ol eo . 
= = pap RST dine an teanten FO tea teh shite en as Fee Ce lad.) oiteseeel aati Fe ask cated dion tint é Ld = ie se Lis lee tie hdc tenet ih dO TE eT Le tard ds i.e pncigtadniettin I Lad 71 a ieh eta ias thd te a ataetenitri al aaa Aint sel net Alantptgctprottd 
— a ee ; pl Oh bape Be han. bed ho tee ee ae tail ie heeete goers Ce J aod a Cea Siete aad Fs ctasfihell diapered ee ae ne ia Dan 6 ate mic i ah tn eile ae eT ott on ed dete ena hal ah tet Lloas - Left 5 nell etl lienleat 
=. any poe p- Safeline eee ey Sea a deel Pee cE itt igh tele a ota ? 7s sat hae Pr ee Ae ts cil aaah tei And Re ecm ah achtndlicdicl iuthetpaliat ae PL Gace Gt ee ie ee ean al alae ead 
- See Oe NOY ao eek lt dela elit a ul Bee ty daar tel Pa RM tell eT eo) at eta edie Fl del ale al te De eek he dd eed a fe Te id alah Lat ee Ne Tell lide dh hte tener diitdndrteee ie mot Ae Leet tal tae ea ail 
ee, he a as ~ Pert id a ef o Ore a Pet oe oa Ph | Sd ae adhe i a hd at shall nich tell ie Aneialalia bende oy a Pe a a dal eer er lore eds fe pape spe SRP Pt ee ae 
- . ol mew oo ee tha patssdte dy At eget careers te ete hy tata Ait trai pene ee fitted pa nit ites ills (dein ofall Take Beata 
wi " = P tgp lin ne PN Altre patient Se ph IS tho en La otal ais eialittsinte a a Te Pha he I nih eee techies ntact 
. Fe her ae oe i ae bed penile PTT eet ts agi eee pn ee omens = a acta eae GneteBiatnal paket 
s a tall es liad ° x ah tpl badness 
ae S Cant peetth deilirlies ile Cee ed eae hat all geil Aes 





a Ce ee : 
ae re te A. ge AFMPR OE PS Lea Ria dated tid 
Pd a ihe oe PT a ie eh ws Ere rs. ia le) et Pe OD oe ae L ws dpetalnd ¥ ams, PP ded All ated ee on pemregw are IVE Ci , 
ee dee i a eel a a te Th cabal ath ila ag: oy area se? arse EG ates ST ca ak. Vs i hate Repl Mode » da ate iiteah ate teas ST ae tn at al a Se edi MEO GGFR GS Pe freese 
Teme vt See a he deh etal PP) Be! Bod PTT ec ttle Bina warersr Pant) rig 4 okie ote Vere FF Ve dtc wre sage op errata ale) tad rf 
re Ne habia Ml ahi dude et Pe ee dah int eh lieben Ks akat inde RTT a dee ns alll beta ae te al deal he ' 
: fF POOP BVO ONE Prete SI Tk ae Rote ducal bE ta ithe oleae a attinidntd Fy CHE* RII Fl 
On dil tae Lele a head ae dill od ee hee dad te dat ila FO he ht ee fa ite I ated ball Aha alae dh tll For tat ott anal er es 
¢ BEF OT LLG E? fe FOE” ° O* A fr . = 
ODER SRT ES eT a) ee all oe clientele de elie ern 
pe re All Meee tie Mn inated errr Oe ee ee De cell ltl Perea” pei atthe nie tt tential th 
* Os Ml ke oe a Le 





yn a Te ade 








* va ~ 

NT dn Ls oa a laa dale 
NT oe Dee et eile 

cal ath ate hella Fo ad sar hn aS eee ate ee ae 

ee Te ted dee dither tithes 











1h Aebienlh dees 
aor ww WOR « TL ah at ak ee =i nowrap = 
ey Albi Pa ihn ety ip 8 DAPI Tel Reeds A. dieters 1-4 a vialiaine aetna yieA inal 
ay M4 roe he ‘at fe EIN Tattle ad eee ih lbaaettinten des : 
et ea se cle did rh te bE Pe Te Nets a Heel edt padi f 
Ra TTT I Ls Sp di nlite dhs etendh aii 





Se Lath dn Doolin, trinket p , 
Td ale nh Se ae aed) Of SW WY 
4 FS ie oh tS baal atl on Pek) Toleek Lah ndies dates eal _id Cc hele ad OT ial grthtnetndeahidiieder 
ee ey lit he ue sd ( adneipadnionat Td hn ied alti Bee 2 or aaa i eset linet 
“ PO ak a eel Se te a teed healed OT a | host oe ide ROTEL APR I EE TI 
r eoteycter ery tered 1 thle 4, ol ek an Lhe ddl ell 
ht Si 








PT oe a Mek cl Se eae aed 
Oe dad is cieteate te ie li IPA Ad 


owe 


peers 
PT ath adthath hi Attell 
tet ferry se eee 
Tt tes at blaine Pn ee ee 








eC VET IPS WPS sis All di 
pe te os atin be PTS A octinetin de Me 
bel ae " 





ee dithectuad 
ia eed aaa — : L 
rt hn ke aieeete Sd rw . “3 - ; ; 
4 - les a . shy cL T rT a a oy at . 

bal line ad Ae ee Ey Gt Stings ; 

? o ee aes J cietnaaeh fede tpalheh pk inf dar mnie oe 
re 2 de A, ib dehlrtonlad pe gnded Ta Ds gual ental ena alild 
aa Bod al elena pip asain a sit Ret tacle§ pes fi pop) alee 
A lca rn Rep PTPrre O dttaiitecedin elie tect ttl face Pm en eae 
foe oe pew nome ofieinp flint pipet inact Ae SA TE totes ane fleets aga 
Pl I eg nh ea hada lier ipinteh eatin pepepep ne is rage apnea a a, 




















pes deed Re a a rae 
Se TT a, va ibaa ht a ood 
nn Ore TS ha eee a adil 

ee at el ed ie a, etal 
ale di a tee od Pura ar 








Sect ant bate Hee Opals 
a b 
bs ahi Pe ah ad 
TO sia td cain tae 


